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ABSTRACT 
The water is an essential natural resource for the sustenance of 
human civilization. The single largest source of available fresh water is 
groundwater. Nearly, one-fifth of all water used in the world, at present, is 
obtained from the groundwater sources. The history of development of 
groundwater is as old as mankind itself. The excavated ruins of Harappa 
and Mohenjodaro dating back to 3000B.C. mark the early exploitation of 
groundwater through the brick-lined dugwells. During the same period the 
Egyptians and Chinese were believed to have developed the capability for 
drilling the tubewells. The first use of groundwater as a source of water 
supply has been lost in antiquity. However, the shallow dugwells and the 
crude water lifting devices mark the early exploitation of groundwater. 
The introduction of well drilling machinery and the motor driven 
pumps has made possible the recovery of groundwater in large quantities 
and at increased depths. The expansion of knowledge of groundwater 
hydrology has increased the ability to understand and utilize the 
groundwater resources. Further, the rapid population growth, urbanization, 
industrialization and irrigation needs for additional food production have 
tremendously generated an immense increase in demands for water supply. 
This increased demand for water has stimulated the development of 
groundwater resources. Fall in water level and land subsidence are the 
attendant effects of its over exploitation. 
The ever increasing demands vis-a-vis large scale exploitation of 
groundwater resources, require a thorough investigation for the proper 
management which involves the establishment of norms, leading to the 
optimization of the factors, necessary for the economic utilization of the 
resource without disturbing the system irrevocably. The quantitative 
hydrogeological studies, geophysical investigations, well hydraulics and 
water quality are the important pre-requisites for the scientific 
management of groundwater resources. 
A river basin or sub-basin or a part of it, forms a close and complete 
hydrogeological unit, as it presents a natural system response. The area 
under investigation is bounded by the river Ganga in the north and by the 
river Kali in the south, representing a part of the Ganga-Kali sub-basin. It 
lies between the latitudes 27° 37' to 28° 2' north and longitudes 78° 28' to 
78° 58' east and covers an area of 1175 square kilometers. 
A generalized study of the aquifer systems of the Ganga basin is 
available but a detailed study of a small part is still lacking. This 
investigation is an attempt in this direction, which involves the systematic 
groundwater surveys followed by laboratory investigations in order to 
delineate the aquifer system and to quantify the various hydrogeological 
and hydrochemical parameters. The thesis provides a strong quantitative 
and qualitative data-base for future planning and management of 
groundwater resource in Kasganj sub-division. 
Climatologically, the area falls under the sub-tropical climatic zone 
of India, which experiences the onset of monsoon by the mid of June and 
its withdrawal by the end of September. The mean annual rainfall is 
754.72mm. The rainfall forms the principal source of groundwater recharge 
besides, canal seepage, irrigation return flow and floods during the 
monsoon. 
Physiographycally, this part of the Central Ganga Plain is 
characterised by uplands and low valleys besides, a flat topography with 
some undulations thus, giving rise to four distinct physiographic units viz., 
the low valley of the Ganga river, the central upland, the low valley of the 
river Kali and the southern upland. The area has three soil zones viz., 
sandy to loamy sand, stretching from the abandoned to the active channel 
of the river Ganga; sandy loam to clayey loam, occupying the area between 
the river Kali and the abandoned channel of the river Ganga, and loam to 
clayey loam, covering the area, lying south of the river Kali. 
Geomorphologically, the area has been divided into three units 
namely, the Active Channel of the river Ganga (To-surface), the Younger 
Alluvial Plain (Ti-surface) and the Older Alluvial Plain (T2-surface). 
Besides, old meanders, point bar deposits, ravines and water-logged areas 
have also been recognized through visual interpretation of IRS lA 
imageries. 
Geologically, the Bundelkhand granite of Archean age forms the 
Basement, which is unconformably overlain by the Upper Vindhyan rocks 
of Upper Proterozoic age. These Vindhyans underwent erosion for long 
times and on their eroded surface, about 260m thick Neogene sediments 
were deposited. Thereafter, the basin subsided as an aftermath of the final 
phase of the Himalayan orogeny during the Pliocene-Pleistocene period, 
which was followed by the deposition of 360m thick Quaternary alluvium. 
The lithological logs of the deep tubewells were utilized to prepare a 
fence diagram and various hydrogeological cross-sections, which depict a 
single aquifer system down to the maximum depth of 139m.b.g.l. except, at 
places, it is marked by the intercalations of thin to thick clay beds giving 
rise to, an appearance of, two to three-tier aquifer system. These aquifers, 
comprising fine through medium to coarse sand often mixed with gravels, 
are very thick, areally extensive and have large groundwater potentials. 
The yield of these aquifers varies from 94 to 240m'/hour with the 
drawdowns ranging between 3 and 10 meters. By and large, these aquifers 
are interconnected as the intervening thin and thick clay beds finally pinch 
out after some distance laterally. In the top aquifers, groundwater occurs 
under the water table conditions while, in the deeper aquifers, it occurs 
under the semi-confined to confined conditions. 
An evenly spaced network of 223 observation wells was established 
and the water levels were monitored during the years 1995 and 1996. The 
pre and post-monsoon water levels during the year 1995 vary from 1.90 to 
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H.OTm.b.g.l. and 0.78 to 13.65m.b.g.l. respectively whereas, during the 
year 1996, the water levels vary from 1.61 to 13.74m.b.g.l. and 0.61 to 
13.17m.b.g.l. respectively. The water level fluctuations vary between 0.11 
to 2.60 meters and 0.19 to 2.71 meters during the years 1995 and 1996 
respectively. In general, the water levels follow the topography of the area 
while, the water level fluctuations show a distinct lithological control: 
large fluctuations are observed where the aquifers zones are thick whereas, 
small fluctuations are seen in the areas where the granular zones are in 
rapid alternation with the clayey horizons. The water table elevation with 
respect to mean sea level varies from 177 to 153 meters from northwest to 
southeast thus, showing the regional groundwater flow form northwest to 
southeast. Besides, there are some variations, which are attributed to the 
local factors like rivers, canals etc. The water table contour maps clearly 
indicate that the river Ganga and its abandoned channel behave as effluent 
streams throughout their course in the area. The river Kali also behaves as 
effluent stream almost throughout its course in the area except, at places, 
where the heavy pumpage of groundwater through large number of shallow 
tubewells, located close to the river, propels the river to behave as influent 
stream, leading to the formation of troughs. However, the mound 
developed at the extreme south, also propels the river to behave as influent 
stream at this small stretch. 
In all, there are eight mounds, all along the Lower Ganga Canal 
except the three, two along the river Kali in the south, one close to the 
aqueduct and the other in the extreme south whereas, the third one lies 
between the abandoned and active channels of the river Ganga. Moreover, 
there are two troughs along the right bank of the river Kali. The 
development of trough is an index of heavy pumpage of groundwater, much 
higher than the quantum of the average annual recharge. The development 
of mounds along the canals and the river Kali is attributed to the excessive 
seepage from these canals while, the mound developed proximal to the 
right bank of the river Ganga appears to be a simple resultant of 
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inundation during the high stage of the river. The hydraulic gradient, all 
over the area, varies from 0.18 to 5.00 meters per kilometer where, the 
higher values indicate the predominance of low permeability horizons. 
A piezometric surface map has been prepared through utilizing the 
piezometric heads of the deep tubewells but, its amazing similarity with the 
water table contour maps, evinces that the top aquifers are interconnected 
with the immediately underlying deeper aquifers, having the same source of 
recharge. 
The water levels of the permanent network stations have been 
utilized to prepare the well hydrographs. These hydrographs show a mixed 
trend of rise and fall in water levels over a decade which substantiate the 
dual situation of water logging, caused by the excessive seepage from the 
canals and declining water table due to heavy withdrawals of groundwater 
exceeding the quantum of the average annual recharge. 
The aquifer properties viz., transmissivity as 3034.78m^/day, 
storativity as 1.56x10"* and hydraulic conductivity as 168.60m/day have 
been determined through pumping test data analysis. The aquifer 
parameters were also determined by using the discharge, drawdowns and 
the thickness of the aquifer tapped by the deep tubewells, which shows 
that the hydraulic conductivity, transmissivity, specific capacity and 
specific capacity index vary from 11.21 to 38.23m/day, 456.80 to 
1785.64mVday, 374 to 1463m"Vday/m and 9.18 to 31.33m/day respectively. 
However, the mechanical analysis of the aquifer materials, including the 
river sediments, show that the hydraulic conductivity varies from 9.57 to 
99.13m/day. 
The study of groundwater resource evaluation shows that the net 
annual recharge in the area is 230.95MCM and the net annual draft is 
135.25MCM thus, leaving a balance of 95.70MCM as a utilizable 
groundwater resource potential which can be utilised through constructing 
deep tubewells in a phased manner for further development of groundwater 
in the basin. The stage of groundwater development is 58.56%, which 
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shows that the area falls under the 'white' or safe category as per the 
norms of National Bank for Agriculture and Rural Development. 
The physico-chemical analyses of water samples, collected from 
different groundwater abstraction structures, show that the groundwater of 
the area is potable, hard, alkaline in reaction, marginally mineralized and 
an Alkali-Bicarbonate type. However, the analytical results of surface 
water show that the surface water belongs to Calcium-Bicarbonate type 
composition category. As far as the trace elements are concerned, the 
concentration of cadmium in shallow aquifer water and manganese, 
cadmium and lead in surface water have been found slightly higher than 
their permissible limits. The groundwater of deeper aquifers shows that the 
concentration of these heavy toxic elements is well within their prescribed 
limits. Finally, the chemical analyses show that the surface and sub-surface 
water of the study area are suitable for domestic, agricultural and 
industrial purposes with the recommendation that for the drinking purpose, 
only deeper aquifers may be tapped. 
Finally, the study shows that there is an acute water logging due to 
the excessive seepage from the canals but, in the upland tracts there is a 
rapid decline in water table due to heavy withdrawal of groundwater 
through number of ill-spaced shallow farmers' tubewells. It is suggested 
that the canals should be lined through polythene sheets in order to check 
the seepage and the attendant water logging situations. In the areas, facing 
declining water table, shallow recharge wells should be constructed at 
suitable intervals which should be recharged through pumping the flood 
discharges during the monsoon season and through the shallow tubewells, 
discharging groundwater into the recharge wells or dry dugwells. This 
process will eliminate the water logging along the canals and will contain 
the declining trends of water table in the non-canal command areas for the 
optimum utilization, sustainable development and management of 
groundwater resource of the area under investigation. 
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CHAPTER = I 
IITEODUCTIOI 
INTRODUCTION 
Nothing in the make-up of our earth's system is more basic than the 
availability of water in its various states. Of all the factors, controlling the 
ecological balance, water is an essential and an important natural resource 
for the sustenance of organic life. The largest available source of fresh 
water lies under the ground. It is the groundwater, which plays an 
important role in meeting a substantial part of domestic, agricultural and 
industrial needs. The present day water crisis, both quantitative and 
qualitative, has become an issue which draws attention to debate it 
seriously, in order to create a balance between demand and supply with 
respect to the available water resources. The continuously increased 
demand of water in all sectors, agricultural, domestic and industrial, has 
now stimulated the development of groundwater resources, which deserves 
a thorough investigation of the geologic environment in which the 
groundwater occurs and the factors controlling the recharge to, and the 
discharge from, the water bearing horizons, i.e., aquifers. 
The growth of ancient civilization took place along the banks of 
lakes and rivers. The availability of water has been closely related, not 
only to the economic development or demographic concentrations, but also 
to the political systems (Stewart et al., 1955 and Wittogel, 1956 and 57). 
The water for food production, by nature of its volume, is the strategic 
water in any economy. The demand for water in an economy is directly 
related to two factors, the demographic trends and the pattern of food 
consumption. It requires about sixteen times as much water to produce a 
kilo of meat as to produce a kilo of wheat (Allan, 1998). The only measure 
for its management and exploitation is to develop water optimally as a 
resource and as an environmental component (Water For Peace, 1967) 
Efforts in this direction have been prompted by unprecedented droughts 
and floods in different parts of the country (Ramesan, 1989). 
Water, being a limited resource, its efficient use is basic to the 
survival of the ever increasing population of the world. In the 
comprehensive strategy, needed for the conservation and development of 
water resources, several factors are to be kept in view. These include the 
availability of water, its quality, location, distribution and variation in its 
occurrence, climatic conditions, nature of the soils, competing demands 
and socio-economic conditions. In dealing with each of these, every effort 
has to be made for the sustainable development and management of this 
precious resource. If the war against hunger has to be won and the country 
has to remain self-reliant in its food needs, there is no choice except to 
save every drop of water and use it prudently (Katyal, 1997). 
In India, at present, about 90% of the total water usage goes for 
irrigation of which the contribution of groundwater to the total irrigation 
is about 55%. The ultimate feasible groundwater contribution to the 
irrigation potential of the country is estimated as 40M ha-m and that of 
surface water as 73M ha-m (Karanth, 1987). 
India's population is growing at the rate of 1.8% per year and will 
cross the billion mark by the turn of the century where approximately 10% 
additional food grains, against the present production, will be required 
(Paroda, 1997). Immense pressure on our country's land resource can be 
gauged from the fact that it shares only 2% of the world's geographical 
area, but supports around 18% of the world's population and over 15% of 
the world's livestock. It is time to take-up the challenge to diversify the 
crop or cropping pattern in the irrigated areas and developing groundwater 
in the rain-fed areas to produce more and save or manage the water for 
future (Sivanappan, 1997). 
The necessity to stabilize the agricultural production, India requires 
a speedy development of groundwater resources. With the advent of the 
high yielding varieties of wheat, maize and paddies, which require a timely 
and assured irrigation, the groundwater development has become a 
people's movement which helped India to achieve the green revolution. 
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The pace of groundwater development through shallow farmers' tubewells 
has been accelerated due to the credit facility through institutional finances 
and this has resulted into the large-scale withdrawal of groundwater. There 
are areas where the groundwater development has reached the critical 
stage, due to improper well spacing and heavy withdrawal, exceeding the 
quantum of the average annual recharge. More than 90% of dugwells, all 
over the Ganga basin, have gone dry due to the rapid fall in water levels. 
To overcome this, a thorough quantitative evaluation is considered 
indispensable. 
The water problems have arisen from the increasing demands, 
generated by the rapid population growth, urbanization, industrialization 
and irrigation needs for additional food production. To meet this relentless 
increase in the demands for water for various purposes and to achieve the 
goal of optimal use and to get the maximum benefits, it is necessary to get 
the water resource development holistic through the comprehensive and 
integrated river basin planning and management (Sivanappan, 1977). 
The river basins are the natural units for water resource planning, 
development and management. They have wide scopes for the quantitative 
and qualitative evaluation of groundwater resources. The Ganga basin, 
which extends from Delhi-Hardwar ridge in the west to the Monghyr-
Saharsa ridge in the east, is one of the largest groundwater repositories of 
the world. It occupies the structural trough, bounded by the Himalayan 
frontal fault (Nakata, 1989) in the north and the Peninsular fringe fault in 
the south, the origin of which is related with the final phase of the 
Himalayan orogeny where the basin is underlain by the Quaternary 
alluvium comprising alternate beds of sand and clay and the thickness of 
sediments increases from south to north with the basin slope due southeast 
(Krishnan, 1968). 
The Ganga basin is divisible into four distinct hydrogeological units 
viz., the Bhabar, the Terai, the Central Ganga Plain and the Southern 
Marginal Plain, each having the characteristic features of its own. 
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Individually, the aquifers vary in thickness from few meters to as much as 
three hundred meters and are extensive and interconnected on a regional 
scale (Karanth, 1987). The groundwater in the top aquifer occurs under 
phreatic while, in deeper aquifers, it occurs under semi-confined to 
confined conditions. 
The study area forms a part of the Central Ganga Plain and the 
present investigation, "Aquifer System and Resource Potential of Kasganj 
Sub-Division, District Etah, UP . , India", forms the base of quantitative 
and qualitative evaluation of groundwater potentials. The data, so 
generated, forms a benchmark for environmental monitoring as well as 
hydrogeological management. 
GROUNDWATER DEVELOPMENT 
The utilization of groundwater dates back to pre-historic period 
(Biswas, 1970). The excavated ruins at Harappa and Mohenjodaro, dates 
back to 5000 years (3000B.C.), show the existence of water supply and 
drainage system so complete as to include public swimming and baths 
(Raghunath, 1990). At the same time, Egypt had constructed the world's 
first known dam (a rock fill structure) for the storage of drinking and 
irrigation water. Arabian farmers put the craters of the extinct volcanoes 
to work as storage tanks. The wise king Solomon gained everlasting fame 
through his decisions as a magistrate but his wisdom was also centered on 
building of aqueducts. Earlier, groundwater was supplied from dugwells of 
different shapes. Besides dugwells, groundwater was also supplied from 
horizontal wells (Kanats) in Egypt and Iran as early as 800B.C. (Todd, 
1980). 
The general interest in drilling, rather than digging the wells, 
developed in the 12"" century with the successful drilling of a well at 
Artois, France in 1126. The term 'artesian' is derived from the name of 
this community. An artesian well completed in 1841 at Crenelle near Paris, 
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France, was, for many years, remained the deepest well in the world. The 
science of deep well drilling received great impetus through the experience 
gained in drilling the Passy well of Paris, completed in 1857 and delivered 
5,588000 gallons of water per day to a height of 54 feet above the ground 
surface. The oldest well recorded in USA is a hand-dugwell at St. 
Augustine, Florida. 
There is no doubt that the mechanics and other aspects of flow were 
only, in part, understood by Archemedes (Bowen, 1980). The noted 
philosopher, Aristotle, believed that the springs result from the 
condensation of air into water in cold subterranean caverns. The Roman 
architect, Vitruvius, understood the infiltration of precipitation and its 
subsequent percolation and frequent emergence at mountain base as 
streams (Todd, 1980). The idea that the amount of rainfall is insufficient 
to account for springs, was refuted by Pierre Perrault in 1674 as a result of 
measurements in the upper Seine drainage basin. The findings were 
confirmed by a physicist, Edme Mariotte (1620-84) and later O.E. Meinzer 
recognized Mariotte as the founder of groundwater hydrogeology (Todd, 
1980). Later, Edmund Halley (1656-1742) demonstrated that the marine 
evaporation can easily account for all springs and river flows (Bowen, 
1980). 
The series of development, from 1856 to 1955, had helped in 
establishing the principles of groundwater resource evaluation as a 
quantitative science (Ferris and Sayre, 1955). A number of quantitative 
methods for the groundwater resource evaluation have been postulated by 
various workers. Henry Darcy (1856) carried out an experimental work on 
the flow of water in sands and derived a formula known as Darcy's law, 
which serves as a base for numerous quantitative methods for groundwater 
resource evaluation This law has also been used by the bio-scientists to 
describe the flow of body fluids across the porous membranes in the body, 
and the moisture in the retina of the eye also obeys the Darcy's law 
(Freeze, 1975). 
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Dupuit (1863) was the first one to develop a steady-state formula 
for the flow of water into the wells. Theim (1870) developed the equations 
for flow towards the wells and galleries. Forcheimer (1886) introduced the 
concept of mapping and the construction of flow nets, the method of 
images and the theory of functions of the complex variables. Ghyben 
(1889) established the laws of equilibrium between the sea water and 
groundwater. Slichter (1898) showed the relationship between the grain 
size of rocks, permeability and the motion of groundwater. Chamberlin 
(1885) deflned the requisite geologic controls necessary to the occurrence 
of artesian wells. King (1892) presented a detailed information on the 
relation of head to the groundwater movement. Theim (1906) developed a 
field method for the determination of permeability of water yielding 
formations and the rate of flow of water by using the pumping well and the 
resultant drawdowns in the observation wells. Meinzer (1923) evaluated 
the early studies of the framework of principles and methodology for an 
investigation of occurrence and distribution of groundwater and provided 
the first manual to groundwater hydrologists. The water logging of lands 
was investigated by Gardner et al., (1928). Israelsen and Mc Laughlin 
(1935) and Kirkham (1945) analysed the hydraulics of flow towards drains 
overlying the artesian water-yielding formations. 
Hopf and Trefftz (1921), Pavlovsky (1922), Kozeny (1932), 
Lindquist (1933), Hamel (1934), Muskat (1935), Verdernikov (1934), 
Meleschenko (1936) and Vreedenburg and Stevens (1936) broadly 
expanded the development of solutions for two and three-dimensional flow 
towards the canals and drains. De Glee (1930) provided a solution to the 
problem of steady flow towards the well in a leaky artesian water yielding 
formations. Lewis (1932) provided the first practical solution for the 
steady radial flow to a well in the water yielding formation, receiving a 
steady and uniform recharge. 
The distribution of the potential about a partially penetrating well 
was analysed by Forcheimer (1930), Kozeny (1932), Muskat (1932) and 
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Hantush (1964). The methods for the determination of losses in a pumped 
well were described by Kano (1939), Jacob (1947), Rorabaugh (1953) and 
Engelund (1953). The methods for the estimation of groundwater recharge 
or discharge from the changes in groundwater storage were derived by 
Smith (1924), White (1932), Meinzer and Stearns (1928) and Williams and 
Lohman (1949). One of the most important milestones in the development 
of groundwater resource evaluation was that of Theis (1935), introduction 
of an equation for the non-steady-state flow to a well. 
There has been a phenomenal growth during the last three decades in 
the science of hydrogeology (Walton, 1960; Lohman, 1961; Back, 1961; 
Ferris et al., 1962; Bentall, 1963; Chow, 1964; Hantush, 1964; Lohman, 
1965; White, 1965; Hanshaw et al., 1965; Cooper, 1966; Davis and 
DeWeist, 1966; Maxey, 1968; Poland and Davis, 1969; Freeze and Cherry, 
1969; Walton, 1970; Devis et al., 1970; Lohman, 1972; Bredehoeft and 
Pinder, 1973; Todd, 1980; Heath, 1984; Fetter, 1988; Raghunath, 1990; 
Karanth, 1993 and 1995; Fetter, 1994; Kulkarni et al., 1997; Back and 
Herman, 1997 and Wicks, 1997). At present the resource evaluation is not 
only limited to the hydrodynamics but, it encompasses the physico-
chemical relations and responses, rock-water interaction, occurrences, 
movements and energy stored in the aquifers. Interpretative techniques 
have been speeded up with the induction of digital computers which have 
become indispensable to solve the complex problems related with the 
groundwater hydraulics and management of water resources in general, and 
of groundwater resources in particular. The isotope techniques are being 
increasingly applied to groundwater studies in the determination of 
recharge rates and the residence time of groundwater in the aquifer 
(Karanth, 1993). 
Finally, the population explosion and rapid urbanization have led to 
the substantial increase in groundwater withdrawals in almost every 
country of the world. The increase in population, the setting up of new 
industrial units, the increased use of fertilizers and poor sanitary 
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conditions have worsened the water quality of the world's water resources. 
In near future, much attention will be required for the preservation of 
water quality instead of quantity. 
THE AREA UNDER INVESTIGATION 
LOCATION AND EXTENT 
The area under investigation is a part of the Ganga-Kali sub-basin 
and is bounded in the north by the river Ganga and in the south by the 
river Kali. Administratively, the area is surrounded in the north by 
Sahaswan sub-division of Budaun district; in the south by Etah sub-
division; in the east by Patyali sub-division and in the west by Atrauli sub-
division of Aligarh district (Fig. 1). The Kasganj sub-division, covering an 
area of 1175 square kilometers, lies between the latitude 27° 37' to 28° 2' 
north and longitudes 78° 28' to 78° 58' east and falls under the Survey of 
India's toposheets, 531(5, 9, 10, 13, & 14) and 53L(12). It is well 
connected by roadways and railways from Aligarh city and from the rest of 
the country. 
CLIMATE AND RAINFALL 
The areas falls under the sub-tropical climatic zone of India and is 
characterized by a cold winter and hot summer with the temperature 
reaching upto 4 and 46°C respectively. December and January are very 
cold whereas. May and June are very hot followed by the onset of monsoon 
by the mid of June which remains in action till the end of September (Fig. 
2). July and August are the months of heavy rainfall. The mean annual 
rainfall is estimated as 754.72mm. The isohyetal map (Fig. 3) of Etah 
district reveals that the intensity of rainfall decreases from east to west. 
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Figure 1. Location map of the study area. 
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Figure 2. Onset and withdrawal of monsoon in India. 
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Figure 3. Isohyetal map of Etah district. 
STATISTICAL ANALYSIS OF RAINFALL 
In order to observe a long term behaviour of rainfall over the entire 
study area, rainfall data of 106 years from 1891 to 1996 (Appendix-I) has 
been utilized and statistically analyzed (Appendix-II). Excerpts of the 
statistical analysis have been tabulated below (Table-1). 
Table-1 Results of statistical analysis of rainfiH 
Year of highest rainfall 
Year of lowest rainfall 
Mean rainfall 
Standard deviation 
Coefficient of variance 
1967 (1229.80 mm) 





Fig. 4 shows the departure of annual rainfall from the mean annual 
rainfall. The departures show a wide variation from the mean with the 
utility to have an idea about the quantum of excess and deficit rainfall over 
a period of 106 years. It can be inferred that the precipitation in any form 
is not cyclic in nature. 
DROUGHT ANALYSIS 
The computations are mainly based upon the agricultural definition 
of drought, which takes into account the negative departure of rainfall 
from the mean. The drought is essentially a meteorological phenomenon 
and its identification is based upon difTerent criteria like, deficiencies in 
rainfall, duration of dry periods and lowering of water table etc. (Ahmad, 
1989), all of which contribute to produce droughts with varied intensities. 
The problems posed by the droughts vary from place to place 
depending upon the amount of rainfall and its variability and also the 
extent to which the irrigation has been developed. The results of statistical 




































(0 - 25%) 
Normal Drought 
(25 - 50%) 
Severe Drought 
(50 - 75%) 
Years 
1895, 1897, 1898, 
1900, 1901, 1908, 
1911, 1915, 1920, 
1929, 1930, 1937, 
1948, 1951, 1952, 
1954, 1957, 1959, 
1968, 1969, 1972, 
1979, 1981, 1989, 
1991, and 1994 
1896, 1907, 1912, 
1928, 1932, 1935, 
1941, 1944, 1947, 
1984, 1986, 1987 
1992 




















A perusal of the above table reveals that the occurrence of drought 
is not a cyclic phenomenon. The frequency of mild, normal and severe 
droughts in the study area is 32.08, 15.09 and 4.72% respectively. 
VARIABILITY 
The coefficient of variance of rainfall in the study area is 30.21%, 
which is considerably low, suggesting that the occurrence of rainfall is 
least variable both in space and time. 
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LAND USE PATTERN 
The Gangetic Plains are the highest economic assets of India because 
of their agricultural wealth. The area under investigation consists almost 
of fertile soil and the agricultural produce controls a major part of the 
economy. Of the total reported area (excluding the area under settlement, 
railways and roadways) of 1067.66 square kilometers, 71.66% is under 
cultivation, of which 55.55% is sown more than once. Of the total irrigated 
area, about 19% is irrigated by surface water and the rest of the area is 
irrigated by the groundwater alone. The statistics of land utilization has 
been tabulated as (Table-3). 
Table-3 Land use pattern 





















































WATER USE PATTERN 
The total replenishable groundwater resource in the Ganga basin is 
17.17 M ha-m per year which alone constitutes 37.97% of the country's 
estimated (45.22 M ha-m) annual groundwater resource (Singh, 1994). Of 
all the water resources of the study area, 18.67% is derived from the 
surface water sources and the rest of 81.33% is derived from the 
groundwater sources. At present, 85% of the total groundwater resources 
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PREVIOUS WORK 
The systematic hydrogeological investigations were carried out by 
the Central Groundwater Board and by the State Groundwater Department 
during the mid nineties. The Central Groundwater Board has drilled down 
to the bed rock and reported three main aquifers in the district. However, 
the State Tubewell Department has drilled a number of deep tubewells for 
the irrigational water supply. The lithologs, discharge, drawdowns and the 
thickness of the aquifer tapped by these deep tubewells together have 
helped in delineating the number of aquifers and their groundwater 
potentials. 
AIMS AND OBJECTIVES OF THE PRESENT WORK 
A detailed hydrogeological investigation was carried out in Kasganj 
sub-division as a part of Ph.D. programme with the following objectives. 
1. To delineate the number of aquifers down to the bed rock, their 
inter-relationships and their geometry and aquifer parameters. 
2. To study the water table configuration, movement of groundwater, 
its relation with streams and long term behaviour of water level in 
space and time. 
3. To assess the groundwater resource and the scopes for future 
development. 
4. To study the physico-chemical behaviour of groundwater of shallow 
and deep aquifers as well as surface water bodies and its suitability 
for various uses. 
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WATER USE PATTERN 
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Figure 5(a). Water use pattern of the study area. 




Figure 5(b). Groundwater use pattern of the study area. 
METHODOLOGY ADOPTED 
The systematic hydrogeological investigations were carried out in 
the study area during the years 1995 and 1996, to generate a quantitative 
and qualitative data-base for a detailed study of hydrogeological 
parameters and chemistry of sub-surface and surface waters. For the above 
purposes, the following steps were followed. 
1. An evenly spaced network of 223 observation wells was established 
over the entire study area and pre and post-monsoon water levels 
were monitored. 
2. To study the long-term behaviour of water level in space and time, 
pre and post-monsoon water levels of the key observation wells were 
collected from the State Groundwater Department for the period 
1986 to 1996 and hydrographs were plotted. 
3. The samples of aquifer material were collected from different 
locations (including the Ganga and Kali sediments) for the 
determination of effective grain size, uniformity coefficient and 
hydraulic conductivity. 
4. The pumping test data were collected from the Central Groundwater 
Board, and the aquifer parameters were determined. 
5. The Litho-logs of deep tubewells were collected from the State 
Tubewell Department for the preparation of fence diagram and 
various hydrogeological cross-sections in order to delineate the 
aquifer systems and their lateral and vertical dispositions. 
6. Pre and post-monsoon depth to water level maps, water level 
fluctuation maps, water table contour maps (all for the years 1995 
and 1996), piezometric surface map and sand percent maps were 
prepared. 
7. The collection of water samples from dugweils and deep tubewells 
and from surface water bodies was carried out during the years 1995 
and 1996 to analyse the concentration of major and trace elements 
respectively. The analytical results were interpreted for the 
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determination of suitability of groundwater and surface water for the 
domestic, agricultural and industrial uses. 
8. In order to study the landform features, an interpretation of IRS lA 
imageries was made and a geomorphological map was prepared. 
9. In order to study the different types of soils, a soil map was 
prepared. 
10. Aquifer parameters were determined through the hydrogeological 
data of deep tubewells. 
11. In order to carry out the water balance studies, net annual recharge, 
net annual draft and the utilisable groundwater resource potential 
for further development were estimated. 
SCOPE OF THE PRESENT WORK 
An emphasis is presently laid on the accelerated pace of 
groundwater development in order to increase the agricultural 
productivity. The main objective is the optimum utilization with a view to 
harness the groundwater resource for the developmental activities and to 
provide safe drinking water. The geomorphology, geology, hydrogeology, 
groundwater resource evaluation and hydrochemistry have been worked 
out in detail to provide a quantitative and qualitative data-base. 
CHmatologically, the area falls under the sub-tropical climatic zone 
which experiences the onset of monsoon by the mid of June which remains 
in action till the end of September. The mean annual rainfall in the area is 
754.72mm The rainfall is the chief source of recharge to groundwater 
bodies besides, the canal seepage, irrigation return flow and seasonal 
floods. 
Geologically, the Bundelkhand granite of Archean age forms the 
Basement, which is unconformably overlain by the Upper Vindhyan rocks 
of Upper Proterozoic age These Vindhyans underwent erosion for long 
times and on their eroded surface Middle and Upper Siwaliks were 
deposited Thereafter, the basin subsided as an aftermath of the last but 
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violent phase of the Himalayan uplift during the Middle Pliocene period, 
which was followed by the deposition of the Quaternary alluvium. 
Hydrogeologically, the area has a single aquifer system down to the 
depth of 139m.b.g.l. which, at places, has been marked by the 
intercalations of thin to thick clay beds, giving rise an appearance of two 
to three tier aquifer system. In the top aquifers, the groundwater occurs 
under water table conditions whereas, in the deeper aquifers, it occurs 
under semi-confined to confined conditions. The pre and post-monsoon 
depth to water levels vary from 1.90 to 14.07 and 1.61 to 13.74m.b.g.l. 
and 0.78 to 13.65 and 0.61 to 13.71m.b.g.l. during the years 1995 and 
1996 respectively. The water level fluctuations range from 0.11 to 2.60 
meters and 0.19 to 2.71 meters during the years 1995 and 1996 
respectively, showing a distinct lithological control viz., large fluctuations 
are in the sandy horizons and small fluctuations are in the areas where the 
granular zones are in alternation with the clayey horizons. 
The water table contour maps show that the river Ganga and its 
abandoned channel are effluent in nature throughout their course in the 
area. The river Kali is also effluent accept at places where it becomes 
influent. The regional flow of groundwater is from northwest to southeast. 
A comparative study of water table contour maps with the 
piezometric surface map shows that both have almost a similar pattern, 
depicting that, by and large, these aquifers are inter-connected in nature. 
The only pumping test, in the study area, was carried out by the 
Central Groundwater Board is at Pilua exploratory well site lying south of 
Kasganj town. The pumping test data analysis has given the aquifer 
parameters like transmissivity as 3034.78m^/day, storativity as 1.56x10"' 
and hydraulic conductivity as 168.60m/day. 
The study of groundwater resource evaluation reveals that the net 
annual recharge and draft are 230.95 MCM and 135.25 MCM respectively 
thus, leaving a balance of 95.70 MCM as utilisable groundwater resource 
for future development As per the norms of National Bank for Agriculture 
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and Rural Development (NABARD) the area falls under the 'white' or safe 
category. 
In order to ascertain the water quality, water samples were collected 
from sub-surface and surface water bodies and their analytical results show 
that the groundwater in the area is potable, hard, alkaline in reaction, 
moderately mineralized and an Alkali-Bicarbonate type. However, the 
surface water is of Calcium-Bicarbonate type. The study shows that the 
groundwater and the surface water are suitable for domestic, agricultural 
and industrial purposes with the recommendations that for the drinking 
purpose, only the deeper aquifers are to be tapped. 
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CHAPTEE - II 
PHYSIOGRAPHY 
AND DEAINAeE 
PHYSIOGRAPHY AND DRAINAGE 
The geological history and structure of an area are reflected in its 
physical features and they are so inter-related that to understand one, an 
appreciation of the other is necessary (Sharma, 1992). The rivers are the 
most important of all the natural agents, which help to model the land 
surface, as they wear away the land, carrying it and later re-deposit the 
eroded material, giving birth to different types of landform features 
(Preece and Wood, 1969). 
The study area, a part of the Central Ganga Plain, has a flat 
topography with some undulations and is bounded by the river Ganga in 
the north and the river Kali in the south. The elevation varies from 182 to 
159 meters above the mean sea level wherein, the maximum is at Kudhar in 
the northwest and the minimum at Tajpur in the southeast giving an 
average fall of 0.70m per kilometer with the general slope due southeast. 
Topographically, there are four distinct tracts (Fig. 6) viz., 
1. the low valley of the river Ganga, 
2 the central upland, 
3. the low valley of the river Kali, and 
4. the southern upland. 
LOW VALLEY OF THE RIVER GANGA 
The low valley of the river Ganga stretches from the present bed to 
its high bank and at places, it is as much as 10 to 15 kilometers in width. 
The soils throughout are of alluvial character with the difference that they 
have a large admixture of vegetable matters. Even, where the portion of 
the sand is high, they are soft to touch. The most valuable of this tract is 
the rich soft loam, found along the right bank of the river Ganga, of which 
the distinguishing feature is that it grows sugar-cane without irrigation. 
The quality of the soil deteriorates from north to south, being very sandy 
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just above the high bank of the river Ganga, south of which there is always 
a considerable stretch of very poor soil, either wind blown sand or barren 
land but towards the high bank there is a marked improvement in the soil 
characteristics. Finally, the soil of the low valley is sandy loam but in the 
depressions it is loam to sandy loam. 
The sub-soil throughout the tfact is sandy, the pure white sand of 
the Ganga bed, and the fertility of the tract depends more upon the depth 
than the quality of the alluvial deposit with which the sand is covered. The 
surface every where is uneven, following, though less marked variations, 
the contour of the underlying sand, so that the hollows, which were the 
first to catch the alluvial deposits, are richer than the ridges. 
CENTRAL UPLAND 
The major portion of the study area is covered by this tract which 
runs from the old high bank of the river Ganga in the north to the crest of 
the river Kali in the south. The characteristics of the soils largely depend 
upon the distance from the river Kali and the old high bank of the river 
Ganga. The banks of these rivers are marked by a belt of sand and it is a 
well marked feature that wherever they approach one another, these ridges 
stretch out as though to join hands forming an almost continuos sea of 
sand, from one river to the other. Where, on the contrary, they diverge, 
the sand seems to shrink, and the central part of the tract is occupied by a 
plain, a loam and barren land. Elsewhere, the surface is uneven, the sand 
being pitted with hollows and depressions in which water collects giving 
rise to a little firmer soil. 
The sub-soil is nearly everywhere sandy and as a consequence, the 
natural irrigation is deficient. At places, a firm sub-soil is met but such 
tract stands out as entirely distinct from the rest of the interfluves, 
resembling in stability and fertility. 
18 
LOW VALLEY OF THE RIVER KALI 
The width of the valley of the river Kali varies according to the 
descent to the low land, which is gradual or abrupt. On the right bank and 
in the eastern half of the left bank this descent is almost every where 
gradual. But in the western half of the left bank, the descent, in many 
places, is sudden, often with a kind of steppes between the crest and the 
valley bottom. The soil of these steppes is though sandy yet fertile. The 
lowest portion of the valley is usually that at the foot of the high bank 
where the soil is always rich but liable to swamping. This is especially the 
case where the drainage channels from the upland make their way down. 
The soil on the immediate margin of the stream is a good loam, well raised 
and not very stiff. Sometimes the soil, similar to that on the river bank, 
extends to the upland. This is more often the case in the west than in the 
east. 
SOUTHERN UPLAND 
The rest of the south-western part, lying south of the river Kali, is 
the southern upland. This tract is distinguished by the absence of the sandy 
soil and is also the most stable. The prevailing soil is a good loam and 
towards the south it becomes stiffer, where occurrence of clay is more 
frequent. The sub-soil in this region is almost firm and the irrigation 
becomes easy. In the extreme southwest, however, the water table is very 
deep, increasing the cost of lifting the groundwater. 
GEOMORPHOLOGY OF THE STUDY AREA 
The Gangetic Plain shows the distinct geomorphic surfaces formed 
in response to the climatic and base level changes related to the sea-level 
fluctuations during the Quaternary. The geophysical studies show a number 
of lineaments, faults and regional highs in the basement (Sastri et al., 1971 
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and Rao, 1973) which have controlled the deposition of the Gangetic 
alluvium. 
The Ganga has undergone a river metamorphosis from meandering to 
braided type during the last 25,000 years, accompanied by the decrease in 
grain-size, probable decrease in water budget and an increase in sediment 
load (Singh et al., 1990). During the last two decades a number of 
researchers have worked on the geomorphology, land use pattern of the 
Gangetic Plain by using the remotely sensed data and the aerial 
photographs (Sharma and Sharma, 1973; Pal and Bhattacharya, 1979; 
Bhattacharya and Mankhand, 1979; Srivastava et al., 1983; Singh and 
Goel, 1984 and Khan et a/., 1988). They recognized the regional 
geomorphic surfaces, abandoned channels, ponds, lakes and meander scars 
in different parts of the Ganga basin. However, an attempt has still to be 
made to build a chronology of the different geomorphic features, 
recognized in the Gangetic Plain. Recently, it has been argued that the 
present-day geomorphic features of the Gangetic Plain are formed in 
response to the climatic fluctuations and fluvial adjustments during the 
Late Pleistocene-Holocene with a subdued role of tectonics in the 
Himalayas (Singh, 1987). There are distinctive geomorphic features in the 
study area such as, the present-day active channels, abandoned channel, 
ravines and terraces. Based upon the interpretation of IRS lA imagery, the 
area under review has been divided into three distinct geomorphic units 
(Fig. 7) viz., 
1. the active channel of the river Ganga (To-Surface), 
2. the Younger Alluvial Plain (Ti-Surface), and 
3. the Older Alluvial Plain (T2-Surface). 
ACTIVE CHANNEL OF THE RIVER GANGA (To-SURFACE) 
The area is the present-day flood plain, which extends as a narrow 




















































kilometers. For most part, the channel is of braided type. Generally, the 
braiding index is low, and at bankful stage the channel is slightly sinuous 
and contains many point bar deposits sub-parallel to the present channel. 
The Ganga Flood Plain comprises fine to coarse sand often mixed with silt 
and clay. It experiences repeated undulations during the fioods and has 
been characterized by shallow water table. The soil is in general loam to 
clayey loam whereas, towards the abandoned channel it is sandy. 
YOUNGER ALLUVIAL PLAIN (T,-SURFACE) 
It forms a narrow belt lying between the river Ganga and its 
abandoned channel and located at five to ten meters above the To-surface. 
The area exhibits a flat to gently sloping topography with undulating 
terrains, containing old meanders. These landforms are generally composed 
of fine to medium sand. The development of ravines has been observed 
along the old channel of the river Ganga. These ravines have possibly been 
formed as a result of localized surface run-off affecting the unconsolidated 
material. 
OLDER ALLUVIAL PLAIN (Tj-SURFACE) 
This is the regional highland or upland, lying five to ten meters 
above the Ti-surface and trending in the NW-SE direction, covering almost 
the major part of the Ganga-Kali interfluves along which traverses the 
canals, roads and railway lines. The Older Alluvial Plain was formed during 
the early stages of deposition representing the palaeo-channel. At places, 
the development of salt encrustations is due to the underlying hard pan 
that obstructs the downward movement of the infiltrating rainwater and 
resulting in the development of perched water table. 
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SOIL TYPES OF THE STUDY AREA 
The rivers Kali the Ganga and the abandoned channel of the river 
Ganga govern the physical characteristics of the area under review. The 
Soil Survey Organization of the State Agricultural Department had 
conducted the soil survey of the district during the years 1951-53. 
Accordingly, the district is divided into four physiographic soil regions, 
the low valley of the river Ganga, the eastern upland, the western upland 
and the southern low land (District Gazetteer, 1988). Keeping in view the 
above mentioned land features, the study area has been divided into three 
soil-zones (Fig. 8) viz , 
1. sandy to loamy sand, 
2. sandy loam to loam, and 
3. loam to clayey loam. 
SANDY TO LOAMY SAND 
This type of soil occurs in the tract located between the active and 
the abandoned channels of the river Ganga. The soil is of very recent 
origin and has been deposited by the river Ganga while receding from 
south to north. These are newly laid out alluvium. The texture of the soil 
is generally loamy but becomes coarse sandy below. The salt accumulation 
is noticeable in small pockets in the depressions near the abandoned 
channel due to very high water table. 
SANDY LOAM TO LOAM 
The soils constituting this type are found to occupy the area 
between the abandoned channel in the north and the river Kali in the south. 
The crest of the river Kali is also marked by the high lying sandy beds. As 
the tract broadens, the soil improves in texture. These soils have moderate 
moisture retentive capacity, the value increases gradually with the depth. 
In the northwest where the tract is narrowest, sandy soils predominate 
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whereas, in the southeast where the distance between the two rivers 
increases, soils with loamy texture predominate. The soils are mostly 
neutral in reaction and the soluble salts, composed mainly of bicarbonates 
with some chlorides and sulphates, are average to slightly light in the 
upper regions. 
LOAM TO CLAYEY LOAM 
This type of soil occupies the region lying south of the river Kali 
and extends upto the end of the study area. The soils are mostly clayey 
loam in texture but at some elevated spots, loamy soils are encountered. 
These soils are alkaline in reaction. The salts consist mainly of carbonates 
and bicarbonates but also have substantial quantities of chlorides and 
sulphates. In general, they have very ill-drainage but seem to be capable of 
improvement. 
DRAINAGE SYSTEM OF THE STUDY AREA 
The drainage system of the study area is controlled by the Ganga, 
Kali and Nim rivers and the abandoned channel of the river Ganga (Fig. 1 
& 16). The rivers Ganga, Kali and Nim are perennial while, the abandoned 
channel is ephemeral in nature. 
GANGA RIVER 
The river enters from the northwestern side and runs all along the 
northern and north-eastern boundary of the study area. It had earlier 
shifted its course towards southwest and now maintains a distance of five 
to fifteen kilometers from its old high bank. During the rainy season, its 
flood inundates the area adjacent to its right bank. The river Ganga is 
effluent in nature throughout its length in the area and this has been 
confirmed by the water table configuration. 
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ABANDONED CHANNEL OF THE RIVER GANGA 
The former bed of the river Ganga, known as abandoned or old 
channel, enters into the study area from northwest and flows towards 
southeast. Its right bank has an average height of about seven meters 
above its channel. The old channel now forms an ephemeral river, which 
remains mostly dry. However, it gets flooded during the rainy season. The 
current becomes sluggish and its course is tortuous, blocked at many 
places by sand hills and weeds. 
KALI RIVER 
The river enters into the study area from northwest and flows 
towards southeast and finally forms the southwestern boundary of the area. 
The valley through which it flows is deep and at places, it is marked by 
shallow depressions and obstructed by ridges of sand. The river is 
perennial but hardly navigable. It is effluent in nature throughout its length 
in the study area except, at places, where it becomes influent because of 
heavy withdrawal of groundwater through number of ill-spaced shallow 
farmers' tubewells. 
NIM RIVER 
It enters into the study area from northwest and flows into the river 
Kali at Birsua, approximately covering a distance of three to four 
kilometers from its point of entrance. 
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CHAPTER - HI 
GEOLOGY 
The Indian sub-continent presents a marked diversity in its 
landforms and climate. The diversity in the landforms and climate is the 
characteristic feature of this great country. The physiographic characters 
of the surface of the earth are the expression of complex changes, which 
have been continuously taking place in the composition, and structure of 
the earth's crust. 
In India, the systematic geological investigations began writh the 
establishment of the Geological Survey of India in 1851. During the first 
half of the present century, extensive and intensive investigations were 
carried forward while, the latter part of the present century has been a 
period of intensive detailed work leading to the finding of petroliferous 
basins in south India as well as off-shore deposits like Bombay high and 
Ankleshwar Oil Field, which supply nearly 67% of the petroleum today. 
The agencies like the Oil and Natural Gas Corporation (ONGC) has 
carried out large-scale exploration during the last three decades. As a 
result the progress in the science of geology of India has undergone a 
revolutionary change. 
Physiographically, the Indian sub-continent has been divided into 
three main divisions viz., the Peninsula, the Himalayas or the extra 
Peninsula and the Indo-Gangetic Plain (Fig. 9). The Indo-Gangetic Plain is 
one of the greatest potential groundwater reservoirs in the world (Pathak, 
1988). It has been formed by the deposition of terrigeneous clastic 
sediments brought by the rivers of the Indus, Ganges and the Brahmputra 
river systems into the chasm created as an aftermath of the Himalayan 
orogeny during the Pliocene-Pleistocene time. 
The Indo-Gangetic Plain has further been sub-divided into the 
following five basins namely, 
1. the Indus basin of Pakistan, 
2. the Punjab basin, 
25 
"v.r^-x PHYSIOGRAPHIC DIVISIONS OF INDIA 
li^y'^^^l EXTRA PENINSULA 
PENINSULA 
[ * v * . V [ INDO - GANGETIC PLAIN 
KILOMETERS 
(After Mukerjee,1973) 
Figure 9. Physiographic divisions of India (After JVIukerjee, 1973). 
3. the Bengal basin, 
4. the Brahmputra basin, and 
5. the Ganga basin. 
The study area forms a part of the Ganga basin. Therefore, the 
Ganga basin is being discussed in detail. 
GANGA BASIN 
The Ganga basin, covering an area of 3,00,000 square kilometers 
(Shukla et al., 1994) with longitude 77° to 88°E and 24° to 30°N latitude, 
extends from Delhi-Hardwar Ridge in the west to the Monghyr-Saharsa 
Ridge in the east and is bounded by the Himalayas in the north and the 
Peninsula in the south. The Ganga Plain forms the most potential 
agricultural tracts of India. It consists of alternate beds of clay and sand 
with occasional interbeds of calcareous concretions down to the bed rock. 
The Ganga river shows a wide range of geomorphic, grain size, and 
channel pattern changes along its course (Singh, 1996). 
ORIGIN OF THE GANGA BASIN 
The origin of the Ganga basin has been an important question before 
the geologists since the last century. The various shades of opinion 
regarding its origin are as follows. 
Suess (1893-1909) was the first to suggest that the Gangetic 
depression is a 'fore-deep' and was formed in front of the Himalayas as 
they were resisted in their southward migration by the rigid land mass of 
the Peninsula (Wadia, 1957). 
On the basis of variable depths of isostatic compensation and other 
gravity and geodatic observations, Burrard (1915) assumed that the Ganga 
basin represents a great rift valley of several thousand feet deep and not 
merely a deepening synclinal fore-deep. 
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Oldham (1917) opined that the term fore-deep can only be applied as 
a general term without implying the theory of origin as propounded by 
Suess (1893-1909). 
Krishnan and Swaminathan (1959) were of the opinion that the great 
Vindhyan basin of the peninsular India originally extended into the lesser 
Himalayan region of Nepal and Garhwal-Simla demonstrate the presence of 
the Vindhyan sediments in the Ganga basin. 
Sengupta (1962), on the basis of aeromagnetic data, postulated the 
presence of the post-Vindhyan sediments, especially the Permo-
Carboniferous and the Mesozoic in the Ganga basin. 
Nautiyal (1962) visualized the presence of Vindhyans and probably 
the Deccan traps underlying the Tertiary sediments. His findings were 
based on the aeromagnetic data. 
Sengupta (1964) reinterpreted the gravity data and concluded the 
probability of sub-crustal movements below the Gangetic plains in relation 
to the evolution of the Himalayas. 
Gansser (1964) suggested that the Ganga basin in front of the 
Himalayas does not represent a sediment filled fore-deep but the depressed 
part of the peninsular shield which appears to be faulted against the outer 
Himalayan front. 
Krishnan (1968) suggested that the alluvium filled Ganga basin is of 
the nature of a fore-deep, a slight buckling down of the upper crust in 
obedience to the pressure exerted on the borders of the Peninsula by the 
compressive forces. 
Fuloria (1969) visualized the presence of marine Mesozoic and 
Paleogene sequences in the Ganga basin. 
Sastri et or/.,(1971) believed that the major part of the Ganga basin 
was sub-areally exposed during the greater part of late Palaeozoic, 
Mesozoic and Palaeogene times and that during the Neogene times, 
vertical movements were essentially influencing the sedimentation pattern 
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in the Ganga basin, might have significant implications in reconstructing 
the tectonic and the geological evolution of the Himalayas. 
Dickinson (1974) considered the Gangetic trough as the most 
impressive peripheral fore-land basin, formed as a result of the continent-
continent collision between the Asian and the Indian plates. 
Valdiya (1982) suggested that the origin of the Ganga basin is a 
resultant effect of the sagging of the northern flank of platform around the 
Bundelkhand shield following the main episode of the Himalayan orogeny. 
Lyon-Caen and Molner (1985) are of the opinion that the shallow 
depression was created in the south of the rising Himalayas as a result of 
the bending of the Indian plate due to the overriding of the Lesser 
Himalayan nappes. 
Nakata (1988) delineated the Himalayan frontal fault between the 
outer most Neogene Himalayan hills and the northern end of the Ganga 
basin. 
Biswas et al., (1993) suggested that the India-Asia collision during 
45 to 50MY changed the geotectonic set-up from divergent to convergent 
type, resulting in the emergence of the Himalayas and concomitant 
development of the peripheral fore-land basin with the deposition of 
Neogene molasse. 
Thakur (1994-95) viewed that the marine to fluviatile Tertiary 
sediments of the outer Himalayas and the Ganga basin were deposited in 
the fore-land basin with the thickness from few meters in the southern 
most part of the Ganga basin to about six thousand meters close to the 
Himalayan foot hills. 
Shukla et a/.,(1994) while reconstructing the lithostratigraphy of the 
Ganga basin, on the basis of the data of wells drilled along with the 
seismic data, propounded that there are two major sedimentary cycles, 
which are separated by a pronounced unconformity and concealed below 
the alluvial cover, represent the entire stratigraphic column of the Ganga 
basin. 
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Pramanik et al., (1996) mentioned that the Ganga basin is a 
polyhistoric basin which initiated as an intra-cratonic rift during the early 
Proterozoic and subsequently changed over to a pericratonic set-up. 
Singh (1996) describes that the compressive forces due to collision, 
and thrust-fold loading produced the Ganga Plain foreland basin in the 
Early Miocene. The basin expanded in the Middle Miocene, and attained its 
present configuration in the Late Quaternary. The basin shows a mature 
state of evolution, with over supply of sediments and under-filled 
conditions exclusively by fluvial processes. 
The analysis of the observations of the above scholars leads us to 
conclude that the Ganga basin originated as a result of the creation of a 
depression in front of the newly risen Himalayas during the Pliocene-
Pleistocene period, when the Himalayas were under the severest phase of 
folding and faulting. The sediments brought by the rivers of the younger 
Himalayas as well as the northern fringe of the Peninsula later filled the 
depression. This filling up of the depression has given rise to the present-
day configuration of the Ganga basin (Fig. 10). 
TECTONIC FRAMEWORK OF THE GANGA BASIN 
The Ganga basin is a negative, superorder crustal structure, most 
probably the northern extension of the Vindhyan syncHse and represents a 
large-scale regional depression on the northern margin of the Indian 
platform (Sastri et al., 1971). A synclise is defined as a platform crustal 
structure of regional significance which retains its negative character for a 
long period of geological history (Beloussov, 1962). 
Pramanik et al., (1996) has given a more precise classification, 
dealing with the principal tectonic elements which have a strong control on 
the architecture of the Ganga basin. They have divided the entire Ganga 
basin into basement ridges and structural depressions (Fig. 11) which are 
as under. Besides, there are major deep-seated faults, which not only 
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the sedimentation and post-depositional structuring of the basin. The term 
'ridge' as applied to the structural features of the Ganga basin, refers only 
to the linear aeromagnetic anomalies and is not in the normal sense of the 
term (Karunakaran and Rao, 1976). 
I. BASEMENT RIDGES 
1. Delhi-Sargodha Ridge 
2. Delhi-Hardwar Ridge 
3. Bundelkhand-Allahabad Ridge 
4. Shikohabad-Lucknow-Farenda Ridge 
5. Zamania-Sitamarhi Ridge 
6. Monghyr-Saharsa Ridge 
II. STRUCTURAL DEPRESSIONS 
7. Sahaspur Depression 
8. Bahraich Depression 
9. Puranpur Depression 
10. Gandak Depression 
11. Madhubani Depression 
DELHI-SARGODHA RIDGE 
The ridge is a NW-SE trending basement massif now deformed and 
welded with the Himalayan framework. 
DELHI-HARDWAR RIDGE 
The ridge represents the northward continuation of Delhi group of 
rocks. The seismic data reveals somewhat complex structural style, 
comprising major northeast-southwest trending steeply dipping faults that 
tend to diverge upward and outward often as reverse faults. 
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BUNDELKHAND-ALLAHABAD RIDGE 
The Bundelkhand granite, the cratonic basement outcropping at the 
southern fringe of the Ganga basin, constitutes the floor for the 
sedimentary sequences developed in the Ganga basin. Bundelkhand massif 
was conceived to extend north-eastward below the alluvial cover in the 
direction of Faizabad as a buried ridge on the preliminary interpretation of 
the aeromagnetic data and formally designated as Faizabad Ridge 
(Sengupta, 1962; Sastri et al., 1971 and Eremenko et al., 1968). 
SHIKOHABAD-LUCKNOW-FARENDA RIDGE 
It is a complex structural feature having east-west trend with 
easterly plunge and looses its identity between Bahraich and Balrampur. 
ZAMANIA-SITAMARHI RIDGE 
This ridge has NE-SW trend and represents eastward extension of 
Bundelkhand-Allahabad Ridge (Khar and Jokhan Ram, 1994). The ridge is 
bounded by faults wherein, the fault on the northwestern flank is the 
probable continuation of the Ganga fault and the fault on the southwestern 
flank demarcates the Madhubani depression. 
MONGHYR-SAHARSA RIDGE 
This ridge is a northern promontory of the peninsular shield locally 
referred to as the Chota Nagpur plateau. 
SAHASPVR DEPRESSION 
This depression is the relict Proterozoic intracratonic-pericratonic 
basin and get isolated from its eastern continuation (Bahraich Depression) 




This depression is an east-west trending superdeep intracratonic 
graben that developed during early Proterozoic by rifting of Bundelkhand 
massif along Tundla-Bahraich axis. 
PURANPUR DEPRESSION 
The depression is initiated as a pull-apart basin coeval with the 
Delhi orogeny and genetically related with it. It is essentially a 
transcontinental right lateral wrench similar to the Narmada-Son wrench 
(Bhave et al., 1989 and Biswas et al., 1993). 
GANDAK DEPRESSION 
This depression followed the similar developmental pattern as that 
of Puranpur depression and the shear couple appears to have been 
generated between the left-lateral Gandak wrench fault and its southern 
conjugate. The southern and the southwestern margin faults of Puranpur 
and Gandak basins appear to converge northward and probably constitute 
the southern margin of the succeeding pericratonic basin following 
northerly tilt. The basin became pericratonic following the post-rift 
expansion and tectonic subsidence. 
MADHUBANI DEPRESSION 
This depression is a narrow graben and initiated as transtensional 
rift. It is essentially a north-eastward extension of epi-continental 
Vindhyan basin. The Patna fault, which defines its southern margin, 
transects the Madhubani basin obliquely south of Varanasi and converges 
with the southern margin fault of the Vindhyan basin. 
SUB-SURFACE GEOLOGY OF THE STUDY AREA 
The Oil and Natural Gas Corporation (ONCG) and the Central 
Groundwater Board (CGWB) through their sub-surface geological 
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investigations have established the general staratigraphic informations. The 
exploratory drilling data, down to the Basement Complex at Ujhani as 
2062m.b.g.I. and upto the bed rock at Kasganj as 620m.b.g.l. (Sastri et al., 
1971; Rao, 1973; Karunakaran and Rao, 1976; Shukla et al, 1994 and 
Pramanik et al, 1996) together have helped in establishing the sub-surface 
geology of the area under review. Further, the wells drilled at Pasia 
Begumpur (336m.b.g.l.) and at Pilua (427m.b.g.l.) (CGWB, 1996) 
southwest and south of Kasganj town respectively, have added additional 
informations. The bed rock encountered at Kasganj is Lower Bhander 
Limestone at a depth of 620m.b.g.l. while, at Ujhani (across the river 
Ganga) the same bed rock was encountered at a depth of 1010m.b.g.I. 
which together illuminate the possibility of a fault along which the present 
Ganga is flowing. The bed rock encountered at Pasia Begumpur and Pilua 
is Upper Vindhyan shales. However, the depth of these Vindhyan Shales 
could not be ascertained. Moreover, there exists a probability of fault 
along which the river Kali is flowing. 
Based upon the sub-surface drilling data and geological cross-
section (Fig. 12), the sub-surface geology of the study area may possibly 
be as follows (Table-4). 
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The Quaternary sediments consist of alternate beds of sand and clay 
down to 360m.b.g.l. which is followed, further down below, by the 
Neogene Siwaliks, which unconformably overlies the Lower Bhander 
Limestone, and continues down to the Granitic Basement upto 2062 meters 
below the ground level. 
Finally, as a sequel to the above discussion, it is inferred that the 
emplacement of the Bundelkhand Granite took place around 3000MY back. 
Thereafter, it underwent down warping due to the tectonic disturbance, 
leading to the formation of an intra-cratonic basin. This basin became the 
site of deposition of the Bijawar Group of rocks which is referred by 
Shukla et al., (1994) and Pramanik et al., (1996) as the Matera Formation, 
well developed at Bahraich and Sahaspur basins. In east Uttar Pradesh 
shelf the Lower Vindhyan rock formations have been located in the 
Madhubani graben. This means that the Lower and Upper Vindhyans were 
deposited on the eroded surface of the Bijawar rocks during the Middle to 
Upper Proterozoic era. These Vindhyans in the Ganga basin underwent 
post-Vindhyan faulting, erosion and peneplanation for about 500MY till 
the Neogene sediments were deposited during the Upper Tertiary. 
All the above mentioned rock formations were uplifted, folded and 
faulted during the final phase of the Himalayan orogeny which took place 
during the Pliocene-Pleistocene period. Thereafter, the basin was filled by 
the Quaternary alluvium giving rise to the present-day configuration of the 
Ganga basin, one of the greatest groundwater repositories of the world. 
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CHAPTER = W 
HYDR06E0L0eY 
HYDROGEOLOGY 
All waters, in any form found on the earth or below it, are part of 
the hydrologic cycle. The oceans comprise the single largest body of 
water, encompass 70.8% of the earth's surface area (Sverdrup ei al., 1961) 
and store 97.2% of the earth's water resources (Sharma, 1992 and 
Karanth, 1995). 
The hydrosphere, atmosphere and the upper part of the lithosphere 
constitute the three media in which the water of the earth circulates. The 
water evaporates from the oceans and land, forms a part of the 
atmospheric moisture, which, when it moves into the low temperature 
regions, is condensed and precipitated. The part of the water, which 
reaches to the ground, is dissipated in several ways. It may go beneath the 
earth through the process of infiltration and gets accumulated within a 
suitable geologic environment in the zone of saturation, that is, the zone 
where all the pore spaces are filled with water. 
The unconsolidated sediments that can store and transmit water to 
the wells or springs are called aquifer where, the top surface is called the 
water table and the water below it, is called groundwater. The 
groundwater continuously moves through the porous media until it 
discharges into streams or lakes or oceans. 
Hydrogeology deals with the occurrence and movement of 
groundwater, in the zone of saturation, and its quality (Todd, 1980) and is 
based on the principles of physics and chemistry as the water moves 
through the differentiating geological frameworks (Back and Herman, 
1997). 
Moreover, the geologic controls on the occurrence and movement of 
groundwater have been the integrating factor that permitted the 
recognition of the fundamental principles of hydrogeology. Bredehoeft et 
al., (1982) emphasize the control of geology on hydrologic systems and 
the geochemistry of water. 
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The understanding of hydrogeology is based upon the collection and 
interpretation of hydrologic data with the fundamental knowledge of mass 
transport phenomenon and the rate of movement of groundwater and solute 
distribution throughout the geologic framework and over time. 
According to Dominico and Schwartz (1990) "Hydrogeology is the 
study of the laws governing the movement of subterranean water, 
mechanical, chemical and thermal interaction of water with the porous 
solid and the transport of energy and chemical constituents by flow". 
However, the ever-increasing demand of water for domestic, 
agricultural and industrial needs has put this precious resource under great 
stress. The only measure for its management is to develop water optimally 
as a resource and as an environmental component (Water For Peace, 
1967). The discrete micro-level studies, when integrated finally, give a 
refined and homogeneous quantitative and qualitative holistic picture of 
the entire groundwater situation of a basin or sub-basin or an area. 
Accordingly, a detailed investigation in parts of the Ganga-Kali sub-basin 
in Kasganj sub-division has been attempted. 
The Ganga basin, a part of the Indo-Gangetic Plain and an important 
component of the physiographic divisions of India, occupies the Himalayan 
fore-deep conterminous to the northern fringe of the Peninsula (Krishnan, 
1968). The Ganga basin is considered one of the most potential 
groundwater province of India (Pathak, 1978). Geographically, India's 
one-fourth of the total area, which includes 70% of the area of the state of 
Uttar Pradesh, has been occupied by the Ganga basin alone. The area under 
investigation is located in the western part of Uttar Pradesh, forming a 
significant part of the Central Ganga Plain. 
HYDROGEOLOGICAL SETTING OF THE GANGA BASIN 
IN UTTAR PRADESH 
The Ganga basin which extends from the Delhi-Hardwar Ridge in the 
west to the Monghyr-Saharsa Ridge in the east (Fig. 13) of which, about 
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42% of its area lies in the state of Uttar Pradesh. Hydrogeologically, the 
state has been divided into four distinct units (Fig. 14) viz., the Bhabar 
zone, the Terai zone, the Southern Marginal Plain, and the Central Ganga 
Plain. 
BHABAR ZONE 
The Bhabar zone stretches parallel to the Himalayan foothills due 
south upto the spring line and its width ranges from 10 to 30kms. The 
deposit is formed by the lateral coalescence of various fan deposits of 
innumerable streams emerging from the Himalayas. Lithologically, it 
comprises boulders, cobbles, pebbles and gravels mixed with sand. The 
zone is highly transmissive and forms the recharge area for all the deeper 
aquifers of the Ganga basin where, the depth to water level goes upto 
34m.b.g.l. along the foothills, which gradually decreases due south and 
finally emerges as spring line, further south. The tubewells of hundred 
meter depth, generally yield 97 to 273m^/hour for the drawdowns varying 
from 2.7 to 9.7meters. The hydraulic conductivity of the aquifers ranges 
from 15 to 250 m/day. 
TERAI ZONE 
The Terai zone runs parallel to the 'Bhabar' from west to east where 
the sediments are predominantly clayey with the intercalations of sands of 
various grades, gravels and occasionally mixed with pebbles. The top 
aquifers are unconfined and the water table is normally within four meters 
below the ground level. This zone is characterised by the localised 
occurrence of flowing conditions while the piezometric heads varying from 
1.55 to 8.99 meters above the ground level. The discharge of the tubewells 
varies from 90 to 220 mVhour. 
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Figure 14. Hydrogeological zones of Uttar Pradesh (After Singh, 1996). 
SOUTHERN MARGINAL PLAIN 
The southern marginal Plain lies south of the river Ganga and 
extends further south to the Bundelkhand and Vindhayan highlands. The 
alluvium is composed of silt, clay and sands of various grades forming very 
poor to prolific aquifers whose thickness varies from few meters to about 
60m close to the Yamuna bank. 
The groundwater occurs both under the water table and the confined 
conditions. The discharge of the tubewells varies from 60 to 240mVhour 
for the drawdowns varying from 3 to 16 meters. 
CENTRAL GANGA PLAIN 
The most wide spread rather, the largest hydrogeological unit is the 
Central Ganga Plain. It is a vast alluvial tract lying immediately south of 
the 'Terai' and is bounded in the west by the river Yamuna upto Allahabad 
and by the river Ganga thereafter. This plain is characterised by the low 
relief and numerous depositional features like old channels, natural levees, 
meander scrolls suggesting that the Ganga river system has occupied and 
abandoned several courses while the plain has been in the making. In the 
process, the ancient meander flood plains were left o"ut as extensive 
highlands trending NW-SE that act as the present day water divides. 
Thus, the Central Ganga Plain is characterised the highlands or the 
Composite Flood Plain and the low riverine areas or the Meander Flood 
Plain (Dubey and Husain, 1991). These uplands, trending NW-SE, 
generally lie between the various tributaries of the Ganga river system and 
are located about 10 to 30 meters above the adjoining lowlands. The 
present-day meander belts of the rivers form the Meander Flood Plain. The 
river Ganga and its tributaries show an abundance of recent ox-bow lakes, 
meander scrolls and channel scars. 
Generally, the depth to water level, in the uplands, ranges from 10 
to 16m.b.g.l. Whereas, in the topographic lows from 2 to 4m.b.g.l.. 
respectively. The piezometric surface in the tubewells ranges from 2 to 12 
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meters below the land surface. The discharge of the deep tubewells ranges 
between 100 and 300m'/hour for drawdowns varying from 6 to 10 meters. 
The area under investigation, forming a part of the Central Ganga 
Plain, represents a close and complete hydrogeological unit as the same is 
bounded by the river Ganga in the north and by the river Kali in the south. 
EVOLUTION OF AQUIFERS 
The evolution of aquifers in a fluvial system depends upon the 
hydrodynamics of the flow regime, geology and topography of the terrain, 
leading to the terrigeneous clastic depositional system, which are typically 
represented as channel, flood plain and back swamp deposits. 
CHANNEL DEPOSITS 
The typical channel deposits of the river Ganga, as observed in the 
study area, from bottom upward, comprise coarse sand mixed with gravel 
through medium to fine sand, silt and finally capped by a thin clay layer at 
the top. This top clay and some fine sand are washed away during the 
succeeding floods, and a fresh body of sand with the fining upward 
sequence is deposited again each year during the fiood season forming 
thereby, reasonably thiclc terrigeneous clastic deposits till the river 
changes its course, due to some tectonic disturbances through convulsion. 
These thick bodies of sand form the most potential aquifers. 
FLOOD PLAIN DEPOSITS 
During floods, when the river water overflows the banks, medium to 
fine sand bodies of moderate thickness and limited areal extent are 
deposited over the flood plain. These lenticular bodies of sand form the 
moderately potential aquifers in comparison to the highly potential aquifers 
of the channel deposits. 
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BACK SWAMP DEPOSITS 
The flood water further moves down the slope to the low lying areas 
where it is left predominantly with the suspended material which gets 
settled under the influence of gravity and form a lensoid body of fine sand 
and silt which is, further, overlain by the finer elastics, that is, clay. Thus, 
there occur, enclaves of sand bodies intercalated within the underlying and 
overlying thick clay beds. Such bodies of sand form the low potential 
aquifers and are the typical representatives of back swamp deposits. 
Thereafter, the river changes its course due to tectonic disturbances 
in the basin. Thus, with the passage of time, the position of channel, flood 
plain and back swamp deposits continue changing, that is why, the 
continuos body of sand or clay is not reported in a single drill hole. This 
lithological variation can be attributed to the mode of deposition by the 
constantly shifting nature of the river. 
The deposition of various aquifer systems in study area is the 
resultant of hydrodynamics of the river Ganga in space and time. 
The Ganga fluvial system, which has generated various aquifers in 
the area, is summarised as under. 
(i) The channel deposits are thick bodies of aquifers of infinite areal 
extent hence, form the most potential groundwater reservoir, 
(ii) The flood deposits, giving rise to the lenticular type of aquifers, 
limited in thickness and areal extent, form the moderately 
potential aquifers, 
(iii) The back swamp deposits, which are lensoid bodies of sand 
occurring as enclaves or stringers within the thick clay beds, 
generally form the low potential aquifers often with the quality 
problems. 
It is observed that in thick Ganga alluvium, the complexes of the 
channel, flood plain and the back swamp facies reappear several times in a 
deep well drilled at places in the area. Thus, the terrigeneous clastic 
depositional system of the river Ganga in the area of study is an index of 
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its complex hydrodynamic regimes, which generated various aquifer 
systems in the great Ganga plain. 
HYDROGEOLOGICAL FRAMEWORK OF THE STUDY AREA 
The area under investigation, which spreads over an area of 1175 
square kilometers, is a part of the Ganga-Kali sub-basin in Etah district, 
forms a part of the Central Ganga Plain where the rainfall forms the 
principal source of groundwater recharge besides, the seepage from the 
Lower Ganga Canal system, the irrigation return flow and inundation 
during monsoon season are the other components of groundwater recharge. 
Besides the field data, the other hydrogeological data such as, 
lithological logs, discharges and drawdowns of the deep tubewells were 
also collected from the State Tubewell Department and have been 
processed, plotted and interpreted. 
OBSERVATION WELL NETWORK 
To study the change in water levels, in response to the rainfall, 
evaporation and groundwater withdrawals, an evenly spaced network of 
223 observation wells (Fig. 15) have been established which spreads over 
the entire study area and their pre and post-monsoon water levels were 
measured during the years 1995 and 1996. 
The collected data have been processed (Appendix-III & IV) and 
utilized for the preparation of the pre and post monsoon depth to water 
level maps, water level fluctuation maps and water table contour maps. 
Besides, the bore hole data of deep tubewells have also been utilized for 
the preparation of fence diagram and various hydrogeological cross-
sections in order to depict the lateral and vertical disposition of aquifers in 
the area. Fig. 16 shows the location of deep tubewells inventoried in the 
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In order to ascertain the sub-surface geological framework and aquifer 
disposition the bore hole data (Appendix-V) of the existing tubewells have 
been utilized and a fence diagram (Fig. 17) and hydrogeological cross-
sections [Fig. 18(a to f)] have been prepared. A perusal of these reveals 
that there exists a single bodied aquifer system throughout the study area 
except, at places, where the intercalation of clay beds giving rise to an 
appearance of two to three tier aquifer system. 
AQUIFER GEOMETRY 
The fence diagram and the hydrogeological cross-sections depict a 
clear picture of stratification wherein, the clay beds with calcareous 
concretions occur in repeated alternation down to the maximum drilled 
depth of 139m.b.g.l. The sediments vary in thickness and texture both 
laterally and vertically. In the central part of the study area, from 
Ghinauna to Chandpur and in the southern part, from Mubarkpur to 
Allahdadpur, there exists vividly a distinct single aquifer system, whereas, 
in the rest of the area the clay beds restrict the aquifer thickness and mark 
the region to appear with two to three tier aquifer system. 
However, the top clay bed, which is persistent in large part of the 
area but in the eastern part, close to the river Ganga from Hasanpur to 
Miansur and in the south from Mubarkpur to Allahdadpur is totally absent. 
Along the abandoned channel of the river Ganga and at the right bank of 
the river Kali repeated alternations of thin to thick clay beds have been 
observed. 
The cross-sections along A-B and C-D clearly depict a single tier 
aquifer system except, where thin to thick clay lenses from Nameni to 
Fazilpur and from Gangagarh to Soron are observed respectively. 
Moreover, the rest of the cross-sections along E-F, G-H, I-J, and K-L also 
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sand beds. This alternation of sand and clay beds together constitutes a 
characteristic picture of the flood plain deposits. 
The aquifer material generally consists of fine through medium to 
coarse sand which comprises 70 to 75% of the total formations 
encountered down to the maximum depth of 139m.g.b.l. The thickness of 
the aquifer increases from the banks of the river Kali in the south towards 
the river Ganga in the north. By and large, these aquifers appear to merge 
with each other giving rise to a single bodied aquifer system. 
SAND PERCENT ANALYSIS 
In order to study the lateral extent of sand bodies a sand percent 
map (Fig. 19) has been prepared for the aquifer material encountered upto 
the depth of 80m only. The area has been divided into four sand percent 
zones viz., (a) <40%, (b) 40 to 60%, (c) 60 to 80% and (d) >80%. 
It has been noticed that the sand percent in the central part of the 
area is quite high wherein, the sand percent goes beyond 90% at Mahawar, 
Sujanpur and Nawabganj. Along the right bank of the river Ganga and at 
the left bank of the river Kali, sand percent varies from 60-80% whereas, 
at the right bank of the river Kali it ranges between 40-60%. At places, 
even along the left bank of the river Kali, sand percent touches about 80%. 
It can be inferred from the sand percent map that the thickness of 
the aquifer increases from south to north and is further substantiated by 
the fence diagram and the hydrogeological cross-sections. 
DEPTH TO WATER LEVEL 
The depth to water level in an area represents the upper surface of 
the zone of saturation where the hydrostatic pressure is at par with the 
atmospheric pressure. It is generally defined as the water levels in the 
wells penetrating an aquifer are just enough to hold the standing water. 
However, the water levels in the dugwells are considered accurate enough 








































The groundwater regime of an area is well defined by its depth to 
water level maps. These maps give, at a glance, the regional variation of 
water levels below the land surface. The water level data of evenly spaced 
observation wells spread over the entire area, has been utilized to prepare 
the depth to water level maps [Fig. 20(a to d)] for the pre and post-
monsoon periods for the years 1995 and 1996. 
PRE-MONSOON DEPTH TO WATER LEVEL 
The pre-monsoon depth to water level maps [Fig. 20(a & b)] for the 
years 1995 and 1996 present a marked variation in the water levels all over 
the study area. The water level ranges from 1.90 to 14.07m.b.g.l. and 1.61 
to 13.74m.b.g.l. during the years 1995 and 1996 respectively. The common 
observation is that the water level is deep in the topographic highs and 
comparatively shallow in the topographic lows. 
The area has been divided into seven depth to water level zones viz., 
(i) <2, (ii) 2 to 4, (iii) 4 to 6, (iv) 6 to 8, (v) 8 to 10, (vi) 10 to 12 and 
(vii) >12 meters below the ground level. The following table (Table-5) 
shows the number of wells and the frequency of occurrence by each zone. 
Table - 5 Pre-monsoon depth to water level zones, number 
of observation wells and the frequency of occurrence 
Depth to water level 
zones (m.b.g.l.) 
<2 
2 to 4 
4 to 6 
6 to 8 
8 to 10 




























































































From the above table it is clearly evident that 41 to 45% and 26 to 
27% of the total area has been occupied by the depth to water level zones 
of 4 to 6m.b.g.l. and 2 to 4m.b.g.l. respectively. The water level zone of 
<2m.b.g.l. is observed close to the Lower Ganga Canal. 
During the years 1995 and 1996, the deepest and the shallowest 
water levels have been recorded at Mohni Mamurganj, along the right bank 
of the river Kali and at Basai, along the Farrukhabad branch of the Lower 
Ganga Canal respectively. However, the deep water levels have also been 
recorded along the left bank of the river Kali and at places along the right 
bank of the abandoned channel of the river Ganga. The shallow water 
levels have been recorded along the Lower Ganga Canal, the river Ganga 
and the low-lying areas between the Farrukhabad branch of the Lower 
Ganga Canal and Amanpur town. 
A comparison of both the maps shows almost a similar pattern, 
which may be, because of approximately the same amount of rainfall during 
both the years. This similarity also depicts the equal amount of recharge 
and the groundwater withdrawal during the period. 
POST-MONSOON DEPTH TO WATER LEVEL 
The post-monsoon water level ranges between 0.78 and 
13.65m.b.g.l. and 0.61 and 13.17m.b.g.l. during the years 1995 and 1996 
respectively. The area has been divided into seven depth to water level 
zones [Fig. 20 (c & d)] viz., (i) <2, (ii) 2 to 4, (iii) 4 to 6, (iv) 6 to 8, (v) 
8 to 10, (vi) 10 to 12 and (vii) >12 meters below the ground level. The 
number of observation wells and the frequency of occurrence by each zone 




Table-6 Post-monsoon depth to water level zones, number 
of observation wells and the frequency of occurrence 
Depth to water level 
zones (m.b.g.l.) 
<2 
2 to 4 
4 to 6 
6 to 8 
8 to 10 







































A perusal of the above table reveals that the depth to water level 
zones of 2 to 4m.b.g.l. and 4 to 6m.b.g.l. has covered 47 and 25% of the 
total area and 4 to 6m.b.g.l. respectively. The depth to water level zone of 
>12m.b.g.l. covers the smallest area of less than one percent of the total 
area. The depth to water level maps (November 1995 and 1996) show 
almost a similar pattern. 
WATER LEVEL FLUCTUATION 
The difference between the rise and fall in water levels is the water 
level fluctuation, which may be attributed as a function of change in 
storage of groundwater in an area. It also tends to diminish within a basin 
from higher to lower altitudes corresponding to the areas of recharge and 
discharge of groundwater (Karanth, 1987). 
Since, the precipitation is the principal source of groundwater 
recharge, rise in water level has direct relation to rainfall in a particular 
period. The intensity, distribution and the duration of the rainfall as well 
as the water holding and transmitting capacities of the geological 
formations are the controlling factors of the groundwater recharge. In 
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addition, the drainage, topography, lithological composition, groundwater 
abstraction through thousands of shallow tubewells and the canal seepage 
play a major sole on the water level fluctuation. The water level 
fluctuation is larger in the uplands and lesser in the lowlands although, the 
quantum of rainfall during the years of observation 1995 and 1996 is more 
or less same throughout the area. 
In order to study the water level fluctuation in the area, the water 
level data of the observation wells for the years 1995 and 1996 has been 
utilized and the water level fluctuation maps [Fig. 21 (a & b)] have been 
prepared respectively. 
The maximum fluctuations (2.60 & 2.71m) have been recorded at 
Dhantauria, close to the Lower Ganga Canal whereas, the minimum 
fluctuations (0.11 and 0.19m) have been recorded at Baundar, close to the 
old channel of the river Ganga, during both the years 1995 and 1996. The 
area has been divided into five water level fluctuation zones viz. (i) <0.50, 
(ii) 0.50 to 1.00, (iii) 1.00 to 1.50, (iv) 1.50 to 2.00, and (v) >2.00 meters 
and the details have been tabulated below (Table-7). 
Table-7 Water level fluctuation zones, number of observation wells 





0.50 to 1.00 
1.00 to 1.50 






























A perusal of the above table shows that 45 to 50% and 38 to 40% of 
the total area have been occupied by the water level fluctuation zones of 
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0.50 to 1.00m and 1.00 to 1.50m respectively whereas, the other three 
zones appearing as small patches, cover the rest of the area. 
The study shows that the variation in the water level fluctuations all 
over the entire area is due to the change in the nature of the litho-units 
and their hydrogeological properties. The large fluctuations have been 
recorded where the granular zones predominate the low permeability 
horizons whereas, the small fluctuations are due to the preponderance of 
clay over sand. 
WATER TABLE CONTOURS AND GROUNDWATER MOVEMENT 
The study of the regional flow of groundwater in an area plays an 
important role in exploration, exploitation and conservation of 
groundwater resources (Sharma and Swamy, 1986). The flow of 
groundwater depends upon the slope of water table, which depends upon 
the topography, lithology, hydraulic conductivity, thickness of aquifer and 
the local variations in the quantity of recharge and discharge. 
The water table contour maps are useful in interpreting the 
movement and behaviour of groundwater flow direction, recharge and 
discharge areas, hydraulic gradient and the nature of streams draining the 
area wherein, the convexity and concavity of the contours respectively 
indicate the recharge and discharge areas (Todd, 1980). The study area is 
bounded by the river Ganga in the north and by the river Kali in the south 
thus, making it a natural hydrogeological unit. Further, the central part of 
the investigated area is traversed by the Lower Ganga Canal and its 
Farrukhabad branch along the upland and slightly north of it, by an old 
channel of the river Ganga. 
The water level data of the observation wells, collected during June 
and November for the years 1995 and 1996, after subtracting them from 
the reduced levels of the measuring points (Appendix-Ill & IV), have been 
utilized for the preparation of water table contour maps [Fig. 22(a to d)], 




























A perusal of the water table contour maps shows that the elevation 
of water table with respect to mean sea level ranges between 177 and 153 
meters from northwest to southeast respectively, which reveals that the 
flow of groundwater in the area is from northwest to southeast, which is in 
confirmity with the regional flow of groundwater in the Central Ganga 
Plain. Besides, there are some local variations in the flow of groundwater, 
which are attributed to the local factors like rivers, canals etc. 
In the extreme west and southeast of the area, groundwater flow 
direction is due south whereas, in the central part, between the Lower 
Ganga Canal and the old channel of the river Ganga, the flow of 
groundwater is in the northeast direction. Further, in the extreme south the 
groundwater flows in the southeast and southwest direction. 
The pattern of contours all along the river K*ali shows that the river 
is effluent in nature as the groundwater moves to this river throughout its 
stretch except at Majhola and Gularia where it appears influent as the river 
recharges the groundwater bodies at these locations. Moreover, the trough 
developed close to the river also show its influent nature. The contours all 
along the river Ganga and its abandoned channel show their effluent nature 
throughout their courses in the area. 
In the north, between the river Ganga and its old channel, the widely 
spaced contours except, at places, along the old channel of the river 
Ganga, show a high permeability horizon with almost flat hydraulic 
gradient. However, the hydraulic gradient in this region varies between 
0.20 and 2.60m/km. The area between the old channel of the river Ganga 
and the river Kali is marked by the close and wide spacing of contours 
giving rise to a low to medium permeability horizon with steep to flat 
hydraulic gradient which ranges from 0.18 to 5.00m/km. The area, lying 
south of the river Kali, represents a low permeability horizon with steep 
hydraulic gradient. The hydraulic gradient in this region varies between 
2.08 and 5.00m/km. However, in the extreme southwest, the hydraulic 
gradient ranges between 0.33 and 1.23m/km. 
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In all, there are eight mounds all along the Lower Ganga Canal 
except the three, two along the river Kali, one in the south (close to 
aqueduct) and the other in the extreme south whereas, the third mound lies 
between the river Ganga and its old channel in the north. The development 
of mounds along the canal and the river Kali is due to the excessive 
seepage from the feeder canals. Moreover, the mound between the river 
Ganga and its old channel might have resulted from the excessive discharge 
of floodwater to the region, which remains submerged months together 
during the high stage of the river Ganga. There are two troughs along the 
river Kali in the south, which evince the effects of heavy withdrawal of 
groundwater through shallow farmers' tubewells. There are large number 
of closely spaced shallow tubewells where the abstraction of groundwater 
is much more than the quantum of the average annual recharge. The water 
table over here has declined so much that, the river Kali, which is effluent 
in nature starts behaving as an influent stream in this stretch. The closely 
spaced contours along the troughs and mounds indicate the steep hydraulic 
gradient, which may be due to the high pumpage and excessive recharge 
respectively. 
Besides rainfall, seepage from the feeder canals passing through the 
central upland is a major source of groundwater recharge. In the area, 
lying south of the river Kali and the north of the old channel of the river 
Ganga, the groundwater joins the river Ganga and the river Kali. 
Moreover, when flood water spills over the right bank, it recharges the 
aquifers, which has led to the development of mound close to the banks. 
The lowlands, between the canals and the river Kali in the south and the 
old channel of the river Ganga in the north, form the areas of discharge. 
PIEZOMETRIC SURFACE MAP 
The water level extended through the static water level of the deep 
tubewells tapping an aquifer is referred as piezometric level (Karanth, 
1987). In order to obtain the piezometric levels, piezometric heads of the 
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deep tubewells have been utilized (Appendix-VI) to prepare the 
piezometric surface map (Fig. 23) of the study area. 
A comparative study of water table contour maps and the 
piezometric surface map shows a distinct similarity between the two, which 
indicates that the top aquifers are inter-connected with the immediately 
underlying aquifers, having the same source of recharge (Ahmad, 1989). 
HYDROGRAPHS 
The hydrographs represent a long-term change in the trends of water 
level in a particular region. The water level data of the key observation 
wells (Appendix-VII) of the State Groundwater Department have been 
utilized for the preparation of hydrographs [Fig. 24(a to m)] for the period 
1986 to 1996. 
A perusal of these hydrographs indicates that the variation in the 
water level is cyclic and sinusoidal as a function of space and time. From 
the hydrographs it can be inferred that the water level is deepest in the 
month of June and shallowest in the month of November which shows that 
from the onset of monsoon the water level starts rising and reaches at the 
shallowest by the end of the monsoon. From November till January there is 
a sharp decline in water level and from January onwards, recession in 
water level is low indicating the natural groundwater discharge through 
steady sub-surface flow, in harmony with the regional groundwater flow. 
The following observations have been extracted from the hydrographs of 
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larger the hydraulic conductivity. The table also indicates that the 
uniformity coefficient increases with the increase in depths which shows 
that the grading of aquifer materials also improves with the increasing 
depths all over the study area. Hence, it was observed that the lowering of 
porosity is the resultant phenomenon of the improvement of grading of the 
aquifer material with depths. 
AQUIFER PROPERTIES 
To define the hydrogeology of an area, the determination of aquifer 
properties is one of the most important factors, which performs two main 
functions, storage and transmission. The following aquifer properties have 
been determined by using the discharge, drawdowns and the thickness of 
the aquifer tapped by the deep tubewells (Appendix-X). 
SPECIFIC CAPACITY 
It is an index of well productivity which serves as a parameter of 
yielding and transmissive capacities of an aquifer (Karanth, 1987). The 
discharge divided by drawdown gives the specific capacity of an aquifer. 
discharge Specific capacity = 
drawdown 
TRANSMISSIVITY 
It is defined as the rate at which water of the prevailing kinematic 
viscosity is transmitted through a unit width of an aquifer under a unit 
hydraulic gradient (Lohman et al, 1972). This has been determined by 
using the modified Logan's (1964) formula; 
Transmissivity ( T ) = where, 
Q discharge and 
Smw drawdown. 
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LOCATION : MAHAWAR 
(Depth : 0.30m) 
Deo = 0-191 
Dio-0.120 
1 0.1 0.01 
GRAIN SIZE DISTRIBUTION (mm) 
Figure 26(m) 
LOCATION : JAMALPUR 
(Depth : 5.0m) 
Deo = 0.147 
Dio= 0.063 
0.01 
GRAIN SIZE DISTRIBUTION (mm) 
Figure 26(n) 
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LOCATION : NAGLA TEJ SINGH 
(Depth: 0.40m) 
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Figure 260) 
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LOCATION : FATEHPUR KALAN 
(Depth: 0.30m) 
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Figure 26(h) 
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Graphs showing the results of mechanical analysis of aquifer material 
purpose of study, lOOgm of representative samples of aquifer materials 
were taken after coning and quartering 
The samples were analysed through electrically operated sieve 
shaker by running each sample for fifteen minutes The material retained 
on each sieve and bottom pan were accurately weighed The data so 
obtained have statistically been processed (Appendix-IX) and plotted 
In all fourteen samples were analysed and the results (percent finer 
by weight Vs grain size distribution) were plotted on the semi-log graph 
to obtain more compact curves [Fig 26(a to n)] and the results have been 
tabulated below (Table-9) 
















































































































A perusal of the above table reveals that the effective grain size 
(Dio) has direct bearing on hydraulic conductivity, the greater the Die the 
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Uma et al., (1989) have given a statistical grain size method to 
evaluate the hydraulic conductivity of aquifer material as 
K = A (Dio)^ where, 
K hydraulic conductivity, 
A constant (6 for sandy aquifer), and 
Dio effective grain size. 
EFFECTIVE GRAIN SIZE AND UNIFORMITY COEFFICIENT 
The term 'effective grain size' was first introduced by Hazen (1893) 
whose study of filtered sand defined that the 10% of sand is finer and the 
rest of 90% is coarser. The Dio is the most important parameter among 
those governing the permeability of a medium (Marsily, 1986). 
The uniformity coefficient of sediment is a measure of how well 
sorted it is. It is the ratio of the grain size of 60% finer by weight to 10% 
finer by weight and is expressed as 
CU = Deo/Dio where, 
CU uniformity coefficient, 
Deo sixty percent finer by weight, and 
Dio ten percent finer by weight. 
A sample with the lower values (<2.0) indicates more uniform 
material or poor grading whereas, the higher values (>2.0) indicate less 
uniform or well graded and is indicative of low porosity, that is, the wider 
the range of size the lower the porosity (Raghunath, 1990). 
The objective of this part of the present study involved the 
determination of hydraulic conductivity of aquifer materials collected from 
different locations. 
METHODOLOGY ADOPTED 
The grain size distribution of any geologic formation or aquifer 
materials can be determined through the mechanical analysis in a nest of 
sieves with the coarsest on the top and the finest at the bottom. For the 
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of the medium include the particle size, shape, structure, degree of 
compaction and grain size distribution as well as the size, shape and the 
interconnection of the pore-throats. 
Krumbein and Monk (1942) studied the effects of both the particle 
size and sorting in an artificially mixed sand and were of the opinion that 
the permeability of sand is proportional to the product of the power 
function, geometric mean diameter and an exponential function of the 
standard deviation of the grain size distribution. 
Bedinger (1961) developed a correlation between the laboratory 
permeability values and the median grain size and observed that the 
straight-line relation exists between the logarithm of the iiydraulic 
conductivity and the medium grain size diameter. The result of his work 
reveals that the hydraulic conductivity ranges from 9000 to 10 gal/ft^/day 
for very coarse and fine sand respectively. 
Johnson (1963) also carried out an experiment and was in close 
agreement with the findings of Bedinger (1961). 
Kozney (1953) studied the relationship between the hydraulic 
conductivity and the pore size distribution, which is partially governed by 
the grain size distribution. 
Preuss and Todd (1963) attempted to relate the specific yield with 
the physical properties of sedimentary samples including a representative 
grain size diameter and the uniformity coefficient. 
Cohen (1963) also carried out the same experiment and his results 
were similar to those of Preuss and Todd (1963). 
Ward (1964) described both the laminar and turbulent flow in a 
porous medium. A part of his study considered the determination of 
hydraulic conductivity values for different medium and relating them with 
the geometric mean grain size. 
Masch and Danny (1966) studied a broader examination of the 
factors that influence the hydraulic conductivity values and concluded that 
these values increase with the increase in grain size diameter. 
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which accounts 0.17m/year and 0."03m/year rise in water levels 
respectively. 
CORRELATION OF HYDROGRAPHS WITH RAINFALL 
The rainfall is not an accurate indicator of groundwater recharge 
because of surface and sub-surface losses as well as travel time for vertical 
percolation but, the droughts and downpour leads to rise and fall in water 
levels respectively (Todd, 1980). The well hydrographs, when plotted with 
the rainfall, represent a natural system response as the rise and fall in 
water levels follow the intensity and duration of rainfall. 
For the purpose, the water level data of the permanent hydrograph 
stations (Appendix-VII) and the monthly rainfall (Appendix-VIII) have 
been utilized and the graphs [Fig. 25(a to d)] have been plotted. 
A perusal of these graphs shows that the water levels are 
synchronous to the rainfall almost upto the year 1992. A general decline in 
water level has been observed from the year 1993 onwards which may be 
attributed to the large-scale development of groundwater, much above the 
quantum of recharge. 
MECHANICAL ANALYSIS OF AQUIFER MATERIAL 
The economic development and the utilisation of groundwater 
resources require an understanding of the factors that govern the hydraulic 
transmission of groundwater through an aquifer. Hydraulic conductivity is 
one of the most important quantitative measures of such transmission with 
which with the water flows through a porous medium. However, it depends 
both upon the physical properties of the flowing water and the 
characteristics of the transmitting medium. 
In many natural occurrences, the physical properties of the flowing 
water (viscosity and the specific weight) are practically constant, so that 
the hydraulic conductivity may be considered to be a function of the 
properties of the medium alone (Masch and Danny, 1966). Such properties 
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Table-8 Rise and fall in water levels at permanent hydrographs 
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•For the year 1995 
From the above table it can be inferred that the hydrographs show a 
mixed rising and falling trends over the period 1986 to 1996. At Soron, 
Mihdvkra, Nagla Ata, Yaqutganj, Kasganj and Nagla Tej Singh the 
hydrographs show a falling trend. The minimum fall in water level (0.19m) 
is at Nagla Tej Singh whereas, the maximum fall (4.70m) is at Soron, 
which records 0.17m/year and 0.43m/year decline in water levels 
respectively. 
At Nadrai, Sahawar, Amanpur, Nagla Kaidi, Gadhka and Neoli a 
rising trend in the water levels has been observed. The maximum rise in 
water level (1.87m) is at Nadrai and minimum rise (0.33m) is at Neoli, 
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HYDRAULIC CONDUCTIVITY 
It is the most important hydrogeological parameter of an aquifer, 
which replaces the term 'field coefficient of permeability' introduced by 
Meinzer and Wenzel (1942) and is defined as the ability of the medium to 
T K = — where, 
b 
transmit in unit time a unit volume of groundwater at the prevailing 
kinemetic viscosity through a cross-section of unit area, measured at right 
angles to the direction of flow, under a unit hydraulic gradient (Lohman el 
al.,1972, Todd, 1980 and Karanth, 1995). Hydraulic conductivity can be 
determined by using the formula (Todd, 1980) given below. 
K hydraulic conductivity, 
T transmissivity, and 
b thickness of the aquifer tapped. 
SPECIFIC CAPACITY INDEX OR YIELD FACTOR 
It is defined as the specific capacity of the well per unit thickness of 
the aquifer tapped (Karanth, 1987) and is determined by using the formula, 
specific capacity 
Specific capacity index or yield factor = 
thickness of the aquifer tapped 
For the purpose, maps showing the distribution of hydraulic 
conductivity, specific capacity index and transmissivity have been prepared 
and their descriptions are as under. 
HYDRAULIC CONDUCTIVITY DISTRIBUTION MAP 
The hydraulic conductivity values range from 11.21 to 38 23m/day 
Keeping in view this variation in the values, the area has been divided into 
six hydraulic conductivity zones viz., (i) <15, (ii) 15 to 20, (iii) 20 to 25, 
(iv) 25 to 30 and (v) 30 to 35 and (vi) >35m/day. The hydraulic 
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conductivity distribution map (Fig 27) shows that the zone with the 
lowest hydraulic conductivity values lies around five kilometers east of the 
left bank of the river Kali where, the lowest value is recorded as 
11.21m/day at Sherpur. The highest hydraulic conductivity value 
(38.23m/day) has been recorded at Birsua, located at a distance of half a 
kilometer towards west before the confluence point. 
It can be inferred from the hydraulic conductivity distribution map 
that the majority of the central, southeastern and southwestern parts fall 
under the zone where the hydraulic conductivity values range between 20 
to 25m/day. On the northern fringe of the study area along the right bank 
of the river Ganga, the values range between 25 and 30m/day. A slightly 
higher value (33.6m/day) has been recorded at Fazilpur along the right 
bank of the abandoned channel of the river Ganga. In the northwestern part 
of the study area two small patches of the values ranging between 25 and 
30m/day and between 30 and 35m/day have been observed. On the southern 
margin along the left bank of the river Kali, a small patch with the values 
ranging from 30 to 35m/day has also been observed. 
Finally, it has been observed that the hydraulic conductivity values 
are reciprocal of sand percent values. However, in the areas where both 
these values do not match each other, the reason may be attributed to the 
subtle variation in the grain size, sorting and packing, which together 
constitute the microscopic inhomogeneties, having control on the porosity 
and permeability and, in turn, fluid flow characteristics. 
SPECIFIC CAPACITY INDEX DISTRIBUTION MAP 
The values of specific capacity index range between 9.18 and 
31 33m/day The lowest value has been recorded at Sherpur (9.18m/day) 
and the highest value at Birsua (31.33m/day). Taking into consideration 
this variation in the values, the area has been divided into six specific 
capacity index zones (Fig 28) viz., (i) <10, (ii) 10 to 15, (iii) 15 to 20, 
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A perusal of the specific capacity index map shows that the area 
lying north of the Farrukhabad branch of the Lower Ganga Canal upto the 
right bank of the river Ganga falls under the zone where the values range 
between 20 and 25m/day. A small patch, which records the values ranging 
from 25 to 30m/day, has been observed at Fazilpur along the right bank of 
the abandoned channel of the river Ganga. In the entire central part upto 
the southern end, there lies a zone where, the values range between 15 and 
20m/day. However, in the southeastern portion of the area a small patch 
shows the value which ranges between 10 and 15 m/day. The area, just 
below the confluence point of the Nim and the Kali rivers, shows the value 
between 20 and 25 m/day. Two small patches of value ranging from 25 to 
30 m/day have also been observed one in the southwest and the other in 
the south, along the left bank of the river Kali. 
It can be inferred from the above that, by and large, all the values 
are proportional to those of the hydraulic conductivity values. 
TRANSMISSIVITY DISTRIBUTION MAP 
The transmissivity values range between 456.80 and 1785.64m^/day 
where the lowest is at Nadrai while the highest is at Birsua respectively. 
The area has been divided into four transmissivity zones (Fig. 29) viz., (i) 
<700, (ii) 700 to 1100, (iii) 1100 to 1600 and (iv) >1600m^/day. 
The transmissivity distribution map shows that the area from the 
northwestern end, along the right bank of the river Kali, upto the right 
bank of the river Ganga have the transmissivity values, ranging between 
700 to llOOm^/day wherein, the lowest value (71 l.SSmVday) is at Nagla 
Khanji. Within this zone a small patch shows the value less than 700mVday 
whereas, at Takwaber and Barkula the transmissivity values are 480.98 and 
637.50m^/day respectively. In the western part, from the outer fringe of 
Birsua upto Sultanpur and Nameni, the higher transmissivity values have 
been recorded. At Nameni, the transmissivity is 1280.55m^/day whereas, at 







































have also been observed at Sikandrabad as 1203.04 mVday along the left 
bank of the river Kali, located at the southern end of the study area. In the 
south and southeastern part of the area, these values range between 456.8 
and 698.09mVday where, the lowest is at Nadrai while, the highest is at 
Chandpur respectively. At Sujanpur the value is same as that of Chandpur. 
The area, lying along the right bank of the river Kali in the southwestern 
margin of the study area, shows the higher values at Salempur Pironda as 
819.69m^/day and at Bhirpura as 1068.26mVday. 
EVALUATION OF AQUIFER PROPERTIES THROUGH 
PUMPING TEST DATA ANALYSIS 
The prime motivation of groundwater studies has its importance as a 
resource (Freeze and Cherry, 1979). The groundwater flow to wells rank 
highest in importance and by pumping tests, storage coefficient and 
transmissivity of aquifers can be determined (Todd, 1980). The pumping 
tests involve abstraction of water at a controlled rate and observation of 
change in water level with respect to time. 
Theis (1935) introduced the first non-steady state solution using the 
analogy between the heat flow and groundwater flow and the related 
parameters on line and aquifer storage. He studied the transient cone of 
depression around a discharging well and developed a mathematical 
method to determine the storativity and transmissivity from the rate of 
drawdown (Clebsch, 1994). The methodology allowed the determination of 
in situ hydraulic properties of aquifers and the prediction of the response, 
such as drawdown with time and distance, of groundwater systems to 
pumping and by using Theis' method, hydrogeologists could address 
quantitatively the transient flow conditions that form the basis for the 
modern hydrogeology (Back, and Herman. 1997). The equation developed 
by Theis (1935) is as follows. 
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or T = ' 





where, ho-h : drawdown at any point in the vicinity of a well 
discharging at a constant rate, 
Q constant discharge of well in m /^day, 
T transmissivity in m /^day, 
S storage coefficient, 
r radial distance of observation well and the 
pumped well in meters, 
t time since pumping started, 
W (u) : well function of u, 
e base of natural logarithm, and 
u r^SMTt. 
Cooper and Jacob (1946) simplified Theis' equation which dispenses 
with the need for type curve by utilizing a semi-logarithmic plot for the 
field data where 't' is large and 'r' is small and 'u' is also small (<0.01) 
which usually give a straight line relationship between (ho-h) and 
logarithm of 't'. With this, the Theis' equation becomes as 
/^ _^A = i ^ l o g 2 . 2 5 7 ' - ^ 
^ AKT * r^S W 
As the relation between time and drawdown becomes a straight line, 
this equation (iv) can further be simplified as 
/ 
S = t, 
\ 
2.25T^ where, T = 23Q 
47CAS' 
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to is intercept of the straight line at zero drawdown in 
days, and 
AS is difference of drawdown over one log cycle. 
Theis' basic assumptions are as follows, 
(i) aquifer is confined, horizontal, homogeneous, isotropic of 
uniform thickness and of infinite areal extent, 
(ii) pumping well is of infinitesimal diameter and fully 
penetrating the aquifer, 
(iii) flow to the well is radial, horizontal and laminar, 
(iv) all water comes from storage in the aquifer within the area 
of influence and is released from storage instantaneously 
with the decline in pressure, 
(v) transmissivity and storativity of the aquifer are constant in 
time and space, and 
(vi) the discharge rate is constant. 
The analysis of the pumping test data involves the transformation of 
field data into calculated values of hydraulic properties of the tested 
aquifer. Normally, hydraulic conductivity and storativity are determined 
through the pumping test data analysis. Ferris et al., (1962); Hantush 
(1964); Narsimhan (1968); Walton (1962 and 1970); Kruseman and Ridder 
(1970); Lohman (1972); USBR (1977); Jones and Rushton (1981); CGWB 
(1982) and Karanth (1987) have carried out pumping tests applicable to 
different hydrogeological conditions and were of the opinion that the 
aquifer parameters, like trasnsmissivity and storativity help in the refined 
quantitative evaluation of groundwater resources of a basin or a part of it. 
In the study area there is a great paucity of exploratory drilling and 
pumping tests. However, the only pumping test, carried out by the Central 
Groundwater Board (CGWB), is located in the south of Kasganj town at 
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the village Pilua. The aquifer parameters have been determined by using 
the Cooper and Jacob's method only. 
SUMMARY OF OBSERVATIONS 
Name of site 
Date of pumping test 
Static water level 
Duration of pumping 
Constant discharge 
Number of observation well 
Distance from pumping well 









The pumping test data (Appendix-XI) has been utilized and the time 
versus drawdown curve (Fig. 30) of the observation well has been plotted 
and the transmissivity as 3034.78m^/day, the storage coefficient or 






GROUNDWATER RESOURCE EVALUATION 
The quantitative statement of the balance between the water gains 
and losses of a basin or a part of a basin is termed as the hydrologic 
budget. All waters, whether surface or sub-surface, entering and leaving or 
stored within a basin, are taken into consideration while evaluating the 
hydrologic budget. The water entering a basin is equated to water leaving 
a basin plus or minus change in basin storage (Walton, 1970). 
All the potential groundwater basins over the globe are beset with 
the crisis of groundwater resource management. This happened due to the 
fact that the resources were developed much ahead of their quantification. 
For the proper management of groundwater basin, a refined quantitative 
appraisal of its resource becomes an essential pre-requisite. 
A river basin forms a close system of the surface and sub-surface 
waters therefore, it is essential that, all the factors having control on water 
in transit are quantitatively evaluated. 
The evaluation of groundwater resource requires a large scale 
exploratory drilling down to the bed rock, delineation of major aquifers 
and their inter-relationships, their hydrological parameters like 
transmissivity, storage coefficient, specific yield etc., which is a pretty 
costly affair. Therefore, the quantification of mass conservation to account 
for the quantitative changes, occurring in various components of 
hydrologic cycle, is applied to a basin. A water balance can be regarded as 
a model of the complete hydrologic process under study and consequently, 
can be used to predict the effect that changes imposed on certain 
components will have on other components of the system or sub-system. 
The area under investigation is observed beset with the dual situation of 
water logging and soil salinization. 
The groundwater system is characterised by an inflow and an 
outflow and an amount of water stored, which in its simplest form can be 
expressed by the water balance equation, sometimes referred to as the 
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equation of hydrologic equilibrium I - O = ± AS where, I is inflow during 
a given period of time, 0 is outflow and AS is the change in storage 
(Walton, 1970). Although, most groundwater assessment studies are 
concerned primarily with the groundwater balance, sometimes can also be 
derived by the application of the general hydrologic equation to the water 
balance at the land surface or zone of aeration (Brown et al.,1912). 
India is bestowed favourably with water resources, both surface and 
sub-surface. The Ganga basin alone constitutes around 38% of the total 
annual replenishable groundwater resource of the country and as regard the 
withdrawal or draft for different uses, it rarely exceeds 20% thus, leaving 
a potential of more than 80% for the utilization of groundwater for 
different types of consumption (Singh, 1994). 
With the introduction of the high yielding varieties of wheat, maize 
and paddy, which need a timely and assured irrigation, the development of 
groundwater through the shallow farmers' tubewells has taken place in a 
big way during the past few decades. Now, every farmer owns a tubewell 
for his small holding regardless to the proper well spacing. The withdrawal 
every year has been much above the quantum of the average annual 
recharge, which results into a decline in water table. At places, the rate of 
depletion is so much that even the recharge during the monsoon season has 
failed to recuperate its earlier level. 
On the contrary, an excessive seepage through unlined canal beds 
has resulted into the large-scale water logging and soil salinization as 
attendant effects. As a remedial measure, the declining trend can be 
controlled by recharging the depleting aquifers through the construction of 
recharge wells, receiving groundwater from the shallow tubewells duly 
constructed in the water logged areas at every five hundred meters of the 
unlined canal length. 
As regard the reclamation of the water logged tract along the canal, 
it will be worthwhile to line the canal beds through polythene sheets and 
once this causative factor is controlled, the water level can further be 
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pushed down. This measure will contain the declining trend of water level 
in depleting aquifers and simultaneously be pushing the water table in the 
water logged tract at least three meters below the land surface to check 
the capillary action hence, the soil salinization. However, this measure will 
only be effective when the canal is duly lined at least through polythene 
sheets. 
With this back drop the evaluation of the groundwater potential of 
the area under review, becomes all the more important in order to regulate 
the abstraction of groundwater from the basin, planning and development 
of groundwater alone or in combination with the surface water. Further, an 
input and output can be assessed utilizing the rainfall data, irrigation 
return flow or other recharge components, withdrawal from open wells, 
shallow and deep tubewells, water level fluctuation etc. Accordingly, the 
groundwater balance studies, in parts of the Ganga-Kali sub-basin in 
Kasganj sub-division, have been carried out, which is as under. 
GROUNDWATER RECHARGE 
The recharge is an important factor for groundwater resource 
evaluation as it involves hydrological and hydrometeorological processes, 
which are acting on the surface as well as sub-surface and are influenced 
by the variation in the lithological characteristics and their quantum of 
recharge. 
The following are the sources of groundwater recharge in the area 
under investigation. 
1. Rainfall 
2. Canal seepage • 
3. Irrigation return flow 
There are two important methods for groundwater resource 
evaluation viz., 
1. the water level fluctuation-specific yield method, and 
2. the rainfall recharge method based on adhoc norms. 
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The first method is preferred as it represents the natural 
groundwater system response. 
ESTIMATION OF GROUNDWATER RECHARGE BY SPECIFIC 
YIELD-WATER LEVEL FLUCTUATION METHOD 
(Geographical area x specific yield x average water 
level fluctuation) + gross kharif draft - (monsoon 
canal seepage + monsoon recharge from surface water 
irrigation + monsoon recharge from groundwater Monsoon recharge 
( 
irrigation) x normal monsoon rainfall + (monsoon 
\^  average monsoon rainfall 
recharge from surface water irrigation + monsoon 
recharge from canal s^page). 
1. Geographical area 
2. Specific yield 
3. Average water level fluctuation 
4. Normal yearly rainfall 
5. Normal non-monsoon rainfall 
6. Average monsoon rainfall 
7. Normal monsoon rainfall 
= 1175 km^ 






I. RECHARGE FROM IRRIGATION RETURN FLOW 
To evaluate the recharge from irrigation return flow, the total 
irrigated area, the wetted depth and the seepage factor are considered. 
About 30 to 40% of the total volume of water applied for irrigation, 
depending upon the nature of soil and crop type, goes into the 
groundwater bodies (CGWB, 1996). As the quantity of water required for 
irrigation varies for different crop types, the factors like wetted depths and 
seepage factor have, on an average, been taken into account. In the area 
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under review all the three types of crops viz., Rabi (winter crop), Kharif 
(monsoon crop) and Zaid (extra crop) are being sown. 
1. Irrigated area = 27737 ha 
2. Average wetted depth = 0.50m 
3. Average seepage factor = 33% or 0.33 
Volume of water applied for irrigation 
Volume of water applied for irrigation 
= irrigated area x average 
wetted depth 
= 27737 X 0.50 
= 13868.5 ha-m 
= 138.69 MCM 
Recharge through irrigation return flow = Volume of water applied 
for irrigation x seepage 
factor 
= 138.69 X 0.33 
Recharge through irrigation return flow = 45.77MCM 
(25% of this is assumed as 
as monsoon irrigation return 
flow) 
therefore, monsoon irrigation return flow = 11.44 MCM 
II. RECHARGE THROUGH CANAL SEEPAGE 
The length of the canal, average wetted perimeter, numbers of 
running days and the seepage factor have been considered for the 
evaluation of recharge through canal seepage. 
A. RECHARGE THROUGH THE LOWER GANGA CANAL 
(Lower Ganga Canal its Farrukhabad and Anupshahr branch) 
1. Total length of the canal = 72190m 
2. Average wetted perimeter = 15.27m 
69 
3. Number of running days 
4. Seepage factor 
= Yearly (270); Monsoon (70); 
Non-monsoon (200) 
= 15ha-m/day/10^ sq. meter 





= Total length x average 
wetted perimeter x number 
of running days x seepage 
factor 
= 72190 X 15.27 x 270 x 0.000015 
= 4464.48 ha-m = 44.64 MCM 
= 72190 X 15.27 x 270 x 0.000015 
= 3307.02 ha-m = 33.07 MCM 
Monsoon recharge 
Monsoon recharge 
= Yearly recharge - non-monsoon 
recharge 
= 44.64 - 33.07 = 11.57 MCM 
B. RECHARGE THROUGH DISTRIBUTARIES 
1. Total length of the distributaries 
2. Average wetted perimeter 
3. Number of running days 
4. Seepage factor 
= U9600m 
= 9.16 m 
= Yearly (130); Monsoon (30); 
Non-monsoon (100) 





= 119600 X 9.16 x 130 x 0.000015 
= 2136.30 ha-m = 21.36 MCM 
= 119600 X 9.16 X 100 x 0.000015 




= Yearly recharge - non-monsoon 
recharge 
= 21.36 - 16.43 
= 4.93 MCM 
C. RECHARGE THROUGH MINORS AND DRAINS 
1. Total length of minors and drains 
2. Average wetted perimeter 
3. Number of running days 









109940 X 2.44 x 130 x 0.000015 
523.09ha-m = 5.23 MCM 
109940 x 2.44 x 100 x 0.000015 
402.38 ha-m = 4.02 MCM 
Monsoon recharge 
Monsoon recharge 
Yearly recharge - non-monsoon 
recharge 
5.23 MCM-4 .02 MCM 
1.21 MCM 
Total monsoon recharge through canals 
Total monsoon recharge through canals 
= A + B + C 
= 11.57 + 4.93 + 1.21 
= 17.71 MCM 
Total non-monsoon recharge through canals = A + B + C 
= 33.07 + 16.43 + 4.02 
Total non-monsoon recharge through canals = 53.52 MCM 
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For the determination of monsoon recharge 
1. Gross kharif draft 
2. Monsoon canal seepage 
3. Monsoon recharge from surface water irrigation 






(l 175 X 0.14 X 0.97)+57.97-(17.71+ 11.44 + 17.39) X 647.90^ 
1,785.20, 
+ (11.44 + 17.71) 
Monsoon recharge 
= [(159.57) + 11.43 X (0.83)] 
+ (29.15) 
= 141.93 + 29.15 
= 171.08 MCM 
NON-MONSOON RAINFALL RECHARGE 
1. Geographical area =1175 km^ 
2. Normal non-monsoon rainfall = 43.50mm (0.0000435m) 
3. Infiltration factor = 25% or 0.25 
Non-monsoon rainfall recharge 
Non-monsoon rainfall recharge 
Total non-monsoon recharge 
= Geographical area x 
Normal non-Monsoon 
Rainfall x infiltration 
factor 
= 1157 X 43.50 X 0.25 
= 12.78 MCM 
= non-monsoon recharge 
from irrigation return flow 
+ non-monsoon canal 
seepage + non-monsoon 
rainfall recharge 
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Total non-monsoon recharge 






Monsoon recharge + total 
non-monsoon recharge 
171.08 MCM + 100.63 MCM 
271.71 MCM 
85% of gross recharge 
271.71 X 0.85 
230.95 MCM 
GROUNDWATER DRAFT 
The exploitation of groundwater through different hydraulic 
structures is the groundwater draft. In the study area the groundwater is 
being utilized for domestic, agricultural as well as industrial purposes. The 
number of hydraulic structures when multiplied by their unit draft give the 
groundwater draft. 
Draft through dugwells 
1. Number of dugwells 
2. Unit draft 
Draft 
Groundwater draft through dugwells 
= 5640 
= 0.014 MCM 
= 5640 X 0.014 
= 78.96 MCM 
B. Draft through Persian wheels 
1. Number of Persian wheels 
2. Unit draft 
Draft 
Groundwater draft through Persian wheels 
= 2374 
= 0.009 MCM 
= 2374 X 0.009 
= 21.37 MCM 
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C. Draft through shallow farmers' tubewells 
1. Number of tubewells = 1330. 
2. Unit draft =0.0158 MCM 
Draft =1330x0 .0158 
Groundwater draft through shallow tubewells = 21.01 MCM 
D. Draft through deep tubewells 
1. Number of deep tubewells 
2. Unit draft 
Draft 
Groundwater draft through deep tubewells 
= 104 
= 0.16 MCM 
= 104 X 0.16 
= 16.64 MCM 
Draft through pumping sets 
1. Number of pumping sets 
2. Unit draft 
Draft 
Groundwater draft through pumping sets 
= 4603 
= 0.012 MCM 
= 4603 X 0.012 
= 55.24 MCM 
Gross groundwater draft 
Gross groundwater draft 
A + B + C + D + E 




70% of gross draft 
193.22 X 0.70 
135.25 MCM 
Gross kharif draft (30% of gross draft) 
Gross kharif draft 
= 193.22 X 0.30 
= 57.97 MCM 
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Monsoon recharge through groundwater irrigation 
(30% of gross kharif draft) = 57 97 x 0 30 
= 17.39 MCM 
Utilisabie groundwater resource potential = Net recharge-Net draft 
= 230.95- 135.25 
Utilisabie groundwater resource potential = 95.70 MCM 
STAGE OF GROUNDWATER DEVELOPMENT 
The National Bank for Agriculture and Rural Development 
(NABARD) has provided the method for the evaluation of stage of 
groundwater development. According to their norms, in an area where the 
stage of groundwater development is upto 65% it is considered as 'white' 
or safe, when it is 65-85% it comes under 'grey' or semi-critical category 
and finally, the critical or 'dark' stage, when the development exceeds 
85%. 
o r . J J , Net yeariy draft 
Stage of ^oundwater development = x 100 




Stage of groundwater development = 58.56% 
As per the above norms, the study area falls under the 'white' or 
safe category where the stage of groundwater development is 58.56% only. 
From all the above calculations the following parameters have been 
evaluated. 
1. Monsoon recharge =171.08 MCM 
2. Total non-monsoon recharge = 100.63 MCM 
3. Gross recharge = 271.71 MCM 
4. Net recharge = 230.95 MCM 
5. Gross groundwater draft = 193.22 MCM 
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6. Net draft = 135.25 MCM 
7. Utilisable groundwater resource potential = 95.70 MCM 
8. Stage of groundwater development =58.56% 
From the above study it has become clear that the withdrawal of 
groundwater is much less than the quantum of the average annual recharge. 
As 95.73 MCM of groundwater is available for future development which 
may be utilised through shallow and deep tubewells as and when required 
for the development of the area. However, the relationship the pumpage of 
groundwater and its impact on the regional water table be regularly 
monitored and proper arrangements be made to recharge in case wherever, 
the water table declines. 
Further, as the entire area facing the declining water table due to the 
withdrawal through thousands of shallow tubewells. It is high time that the 
restrictions on the installation of the shallow tubewells are imposed and 
only deep tubewells be constructed so that one tubewell may sufficiently 
irrigate the area than the number of ill-spaced shallow tubewells. 
In the upland tract, percolation tanks be made and the dry dugwells 
in the village may be used again for recharging the depleting aquifers, 
either through pumping the monsoon run-off of the old channels nearby or 
through constructing shallow tubewells in the water logged tract along the 
canal so that even, the high pumpage of groundwater for recharging the 






The quality of water is equally important as its quantity and its 
usability is determined by its chemical, physical and bacteriological 
properties (Walton, 1970). However, the chemical quality has a more 
extensive path than that of bacterial (Gibson, and Singer, 1969). 
Knowledge of water quality is essential for the rational management 
of water and land resources. As the groundwater forms a major source of 
urban and rural water supplies, it is important that an in-depth information 
about the quality of water be systematically monitored (Biswas and Saha, 
1983). 
The soil zones have unique and powerful capabilities to alter the 
water chemistry as the infiltration begins. In the recharge areas, the soil 
zones undergo a net loss of mineral matter to the flowing water. As the 
groundwater moves from recharge to discharge areas or vertically down, 
its chemistry is altered due to the soil-water interaction through the 
geochemical processes. The chemical and biological constituents in 
groundwater determine not only, its suitability for various uses but, the 
dissolved constituents provide clues on its complex flow history through 
varied geological formations. 
Water being a universal solvent, it dissolves various constituents it 
comes in contact which, in turn, makes the geochemical study an index of 
its complex flow history. The water quality must satisfy the standards, set 
for various purposes. The major constituents that occur mainly in ionic 
forms are commonly referred as Na", K \ Ca^\ M g ' \ CI', HCOa" and COs' 
which together comprise more than 90% of the total dissolved solids 
(Freeze and Cherry, 1979). 
As per the World Health Organization's estimate, nearly 80% of all 
the diseases and over one-third of the total deaths in the developing 
countries are caused by the consumption of contaminated water fEarth 
Summit, 1992). The present study aims to ascertain-^t^tprftysftO'tHffeJl 
^^ ^< Ace. No 
parameters of groundwater as well as surface water of Kasganj sub-
division, in parts of the Ganga-Kali sub-basin. 
COLLECTION OF WATER SAMPLES 
The water samples were collected in double stoppered polythene 
bottles of one-liter capacity. Prior to the collection of water samples, all 
the bottles were treated with acid followed by a soap rinse and finally 
washed with distilled water. For the trace elements' studies, the water 
samples were instantly treated with 10ml of nitric acid of six normality. 
Finally, the bottles were sealed with wax in the field. 
The water samples were collected in the month of June during the 
years 1995 and 1996 for the analyses of major ions and trace elements 
respectively. The water samples were collected from various hydraulic 
structures such as dugwells, shallow and deep tubewells as well as from 
the surface water bodies like rivers and canals, in order to assess their 
qualities. In all, 86 water samples were collected. 
ANALYTICAL PROCEDURES 
All the physico-chemical parameters were determined, according to 
the standard methods (Jackson, 1958; Trivedi and Goel, 1984 and APHA, 
1992) in the Geochemical Laboratory of the Department of Geology, 
Aligarh Muslim University, Aligarh. The following table (Table-10) shows 
a summarized account of analytical procedures adopted for the analyses of 
major ions as well as the trace elements. The properties like the pH and 
the electrical conductivity were determined on pH-conductometer. 
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Table-10 Summary of the analytical procedures 
CONSTITUENTS PROCEDURE INSTRUMENT 
USED 
MAJOR IONS 
CO3 , HCO3 , CI , Ca \ Mg'* 
and total Hardness 
Na' and K^ 









Cu, Cd, Zn and Pb 





The analytical results, for major ions only, of groundwater as well as 
surface water have been tabulated as Appendix-XII, XIII, XIV & XV. The 
concentration of each of the major ions and trace elements has individually 
been discussed including the pH and the electrical conductivity. However, 
the surface water quality has been discussed separately. 
GROUNDWATER CHEMISTRY 
HYDROGEN ION CONCENTRATION (pH) 
The concentration of hydrogen ion (pH) in water indicates whether 
the water acts as a weak acid or as an alkaline solution. The pH is central 
specification of many other geo-chemicals and influence dissolution and 
precipitation and determines the support of water to the aquatic life (Mc 
Cutcheon et al., 1993). The importance of pH in a treated water supply is 
to prevent corrosion of metal pipes and fittings. 
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A neutral water has a pH of 7.0 which indicates the equal number of 
hydrogen (H*) ions and hydroxy! (OH) ions; an alkaline water has a pH 
more than 7.0 which indicates the preponderance of OH" ions whereas, an 
acidic water having pH less than 7.0 indicates the predominance of H"^  
ions. The pH of pure water at 25 °C is 7.0 (Walton, 1970). 
The highest desirable limit of pH is 7.0 to 8.5 while, the maximum 
permissible limit is 6.1 to 9.2 (WHO., 1984). The values of pH of shallow 
and deep groundwaters of the area vary from 7.24 to 8.94 and 8.63 to 8.87 
respectively and are well within the prescribed limits. It can be inferred 
that the groundwater of the study area is alkaline in reaction. 
ELECTRICAL CONDUCTIVITY (EC) 
The electrical conductivity of a substance is its ability to conduct an 
electrical current and is the measure of mineralization and has a direct 
bearing on the salinity and water supply. It is defined as the reciprocal of 
electrical resistance of one cubic centimeter material at 25°C (Mc 
Cutcheon et al., 1993). The current flows in ionized or mineralized water 
because the ions are electrically charged which move towards a current 
source that neutralizes them. The electrical conductivity is a good 
indicator of dissolution of minerals in sediments in groundwater during its 
passage through various strata, down below and is useful to trace whether 
the quality of groundwater has undergone any exceptional change. 
However, it is a good indicator of industrial pollution. 
The electrical conductivity with the value 400 micromhos/cm at 
25°C is considered as suitable for human consumption (WHO, 1984) while, 
more than 1500 micromhos/cm at 25°C may cause corrosion (Fletcher, 
1986). The electrical conductivity values in shallow and deep groundwater 
of the areas range between 212 and 1710 micromhos/cm at 25°C and 343 
to 515 micromhos/cm at 25°C. (Fig 31) shows the distribution of 
electrical conductivity in the area. 
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CARBONATE AND BICARBONATE (CO3 and HCO3 ) 
The primary source of carbonate and bicarbonate ions in the 
groundwater is the dissolved carbon dioxide in rainwater, which during the 
process of infiltration dissolves more carbon dioxide, present in the voids 
of the soil particles. Further, the water charged with carbon dioxide 
dissolves the carbonate minerals giving rise to bicarbonates. The higher 
concentration of carbonates and bicarbonates is harmful for the human 
health (Trivedy and Goel, 1984). 
The concentration of carbonate in the shallow and deep 
groundwater in the area ranges from 3 to 18 ppm and 13 to 20ppm 
respectively whereas, the concentration of bicarbonate in shallow and deep 
groundwater of the area varies from 142 to 634.4 ppm and 159 to 251ppm. 
CHLORIDE (CI) 
The chloride ions are highly soluble with most of the cations and 
eventually become tapped in the water-saturated pores. The high 
concentration of chloride gives an undesirable taste to water and 
beverages. Lockhard et at., (1955) have reported that the taste thresholds 
for chloride ions in water varies from 210 to 310ppm. However, the infants 
and young children may suffer if they consume water with a high 
concentration of chloride as their delicate kidney tissues may be damaged 
by the higher osmotic pressure brought by the high concentration of salts. 
The desirable and the highest permissible limits of chloride are 250 
and lOOOppm respectively (IMCR, 1975). However, WHO (1984) has 
suggested that ifj^ no case it should exceed 600 ppm. The concentration of 
chloride in shallow and deep groundwater of the area varies from 17.75 to 
443.80ppm and 16 to 28ppm. Fig. 32 shows the distribution of chloride 
ions in the area. 
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SULPHATE (SO4 ) 
The sulphate ions in the groundwater are principally derived from 
the evaporite mineral gypsum (CaS04.2H20) and anhydrite (CaS04) It 
may also come from the oxidation of pyrite (FeSz). The groundwater in 
igneous and metamorphic rocks generally contain less than 100 ppm 
sulphate (Davis and De Wiest, 1966). 
The high concentration of sulphate (>250ppm), in association with 
sodium and magnesium, may give rise to gastrointestinal irritation. For 
people, not accustomed to drink high sulphate water, the high 
concentration may have a laxative effect (WHO, 1984). 
The highest desirable and the maximum limits are 200 and 400 ppm 
respectively (WHO, 1984). The concentration of sulphate in shallow and 
deep groundwater of the area varies from 12.35 to 286.08ppm and 7 to 
12ppm respectively. 
NITRATE (NO3 ) 
The nitrate in groundwater generally originates from the nitrate 
sources on the land surface in the soil zone or in the shallow sub-soil 
zones where, the nitrogen rich wastes are buried. The regional 
characteristics have been directly related with the terrain characteristics in 
the karstic areas (Hem, 1971 and Tyron, 1976); climatic conditions 
especially during dry and rainy seasons (Piskin, 1973; Walker, 1973 and 
Katz et al., 1980) and the inadequate waste disposal and certain 
agricultural practices (Walker, 1973; Katz et al., 1980; Hill, 1982; Flipse 
et al, 1982 and Lehr, 1985) 
The human health can be affected when the groundwater containing 
high nitrate concentration (>45ppm) is ingested which may cause the 
disease like methemoglobinemia, commonly known as Blue Baby Disease in 
children younger than six months (Young et al, 1976 and Vigil et al, 
1965) and the development of cancer in older children and adults (WHO, 
1984 and Gass, 1978). 
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The highest desirable and maximum permissible limit of nitrate is 45 
ppm (ISI, 1983 and WHO, 1984). The concentration of nitrate in shallow 
and deep groundwater of the area varies from 3 to 26.30ppm and 6.32 to 
9.56ppm respectively. 
FLUORIDE (F ) 
The weathering of alkali and silicate in igneous and sedimentary 
rocks especially shale supply a major portion of fluoride to natural waters 
(Mc Neely et al., 1979). The fluoride is commonly derived from fluorite, 
apatite and mica and generally found in low concentration in groundwater 
(Fletcher, 1986). It is important to know the amount of fluoride in water 
because it becomes toxic to animals and human health when present at 
more than l.Oppm (Galagan and Vermillian, 1957). The intake of water 
with high concentration (>1.5ppm) of fluoride causes mottling of teeth and 
further higher concentration (5 to lOppm or above) of fluoride, if ingested 
continuously for years together, results in stiffness of spine and bony 
exostosis, calcification of ligaments and tendonous insertions leading to 
crippling of deformities such as kyphosis, thyroid changes and kidney 
damage (Mc Kee and Wolf, 1963 and BIS, 1991). 
The maximum permissible limit of fluoride for drinking water is 
1.5ppm (ISI, 1983 and WHO, 1984). The concentration of fluoride in 
shallow and deep groundwater of the area varies from 0.14 to 0.93ppm and 
0.51 to 0.78ppm. 
SODIUM (Na*) 
The hydrological, meteorological conditions and industrial activities 
influence the concentration of sodium in groundwater. The major source of 
its concentration is the weathering of various rocks, industrial wastes and 
domestic sewage. The sodium salts are highly soluble in water and have no 
precipitating reactions to reduce its own concentration. The usual 
concentration of sodium in groundwater is 10 to 100 ppm (Kemmer, 1977). 
83 
The higher concentration of sodium can be related to cardiovascular 
diseases and in women it causes toxemia a decease toxemia, associated 
with pregnancy NAS (1977). The use of irrigation water containing high 
proportion of sodium will increase the exchangeable sodium content of the 
soil affecting the soil permeability and texture which leads to puddling and 
reduction in the rate of water intake which, in turn, makes the soil hard to 
plough and unsuitable for seedling emergence (Trivedy and Goel, 1984). 
The permissible limit of drinking water as recommended by WHO, 
(1984) is 200ppm. The concentration of sodium in shallow and deep 
groundwater of the area ranges from 7 to 86.70ppm and 24.45 to 
43.33ppm respectively. 
POTASSIUM (K*) 
The groundwater of an area has same source of concentration of 
potassium as that of sodium. It is not very much significant from the health 
point of view but, the high concentration may be laxative (Trivedy and 
Goel, 1984). 
IMCR (1975) has prescribed the range of potassium for drinking 
water as 1000 to 2000 ppm. The concentration of potassium in shallow and 
deep groundwater of the area varies from 3 to lOOppm and 5 to 7 23ppm 
respectively. 
CALCIUM (Ca**) 
Calcium is one of the most abundant substances of natural waters. 
Being present in high quantities in the rocks, it is leached from there to 
contaminate the surface and sub-surface water. The quantity in natural 
waters varies from 10 to 100 ppm (Trivedy and Goel, 1984). However, the 
concentration upto ISOppm has been found not to impair any physiological 
reactions in human beings (Lehr et al., 1980). Moreover, the high 
concentration of calcium is not desirable in washing, laundering and 
bathing, owing to its suppression of formation of lather with whereas, its 
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low concentration reduces the corrosion in pipes due to the formation of a 
thin layer of scale. The presence of sodium has also been found to 
antagonize the toxicity of lead, zinc, aluminium and toxic solutions of 
sodium, magnesium and potassium chloride. 
The desirable and the maximum permissible limits of calcium in 
drinking water are 75ppm and 200ppm respectively (WHO, 1984 and 
ICMR, 1975). The concentration of calcium in shallow and deep 
groundwater of the area varies from 6.41 to lOS.Olppm and 22.23 to 
44.43ppm respectively. 
MAGNESIUM (Mg**) 
Magnesium usually occurs with calcium in all kinds of natural waters 
but its concentration remains generally lower than the calcium. It is 
supposed to be non-toxic but high concentration may be cathartic and 
diuretic (Lehr et al., 1980) for the initial users but, a tolerance is 
developed in a short time (Trivedy and Goel, 1984). 
The minimum and maximum permissible limit in drinking water are 
50ppm and lOOppm respectively (ICMR, 1975). The concentration of 
magnesium of shallow and deep groundwater of the area varies from 6.82 
to 74.07ppm and 14.45 to 23.22ppm respectively. 
HARDNESS 
The hardness is a soap consuming property of water and is primarily 
caused by calcium and magnesium cations and is usually computed as the 
sum of the two of the ions expressed as MgCaCOs per litre (Mc Cutcheon 
et al., 1993). It may be divided into two types, carbonate and non-
carbonate. The carbonate hardness includes that portion of calcium and 
magnesium that combines with bicarbonate and the small amount of the 
carbonate present. The non-carbonate hardness is the difference between 
the total hardness and the carbonate hardness and is caused by those 
amounts of calcium and magnesium that combine normally with the 
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sulphate, chloride and nitrate ions. Hardness is usually expressed in terms 
of calcium carbonate. 
In recent years health aspects are receiving increasing interest 
because of the findings that to greater incidence of coronary heart diseases 
in areas with soft water than hard water (Crawford, 1972). Some evidences 
have also been given to indicate its role in heart diseases (Peter, 1974). 
The causative factor, however, may be more complex than the hardness 
alone and is probably associated with the effect of hardness on the activity 
of metals and other constituents of water and on their inter-relationships. 
Having taken the taste and household use into consideration, WHO 
(1984) has given the maximum hardness limit for drinking water as 500 
ppm. The values of hardness of shallow and deep groundwater of the area 
vary from 108 to 392ppm and 120 to 200ppm respectively. Fig. 33 shows 
the distribution of hardness values in the area. Table-11 shows a 
comparison of frequency of occurrence of hardness in the area with that of 
Hem (1970). 






Range of hardness 
as CaCOa (ppm) 
0 - 60 
60 - 120 
120 - 180 
> 180 
Frequency 





A perusal of the above table shows that the groundwater of the area 
is moderately hard through hard to very hard in nature. 
TOTAL DISSOLVED SOLIDS 
The total concentration of dissolved solids in water is a general 
indication of its suitability for any particular use (Fletcher, 1986). The 
total dissolved solids may be determined from the weight of dry residue 
remaining after a sample of water is completely evaporated. The water that 
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contains less than 500ppm of total dissolved solids is generally satisfactory 
for domestic and industrial purposes (Trivedy & Goel, 1984). 
The concentration *of total dissolved solids in shallow and deep 
groundwater of the area varies from 135.68 to 1094ppm and 219.52 to 
329.60ppm respectively. Table-12 shows the frequency of occurrence of 
total dissolve solids in comparison with that of Freeze and Cherry (1979). 








0 - 1000 
10000 - 10,000 
10,000 - 100,000 
> 100,000 
Frequency 





A perusal of the above table shows that the groundwater of the area 
is of fresh water category except, at places, in the topographic highs 
where, the groundwater is found brackish. 
TRACE ELEMENTS 
The trace elements include the elements whose concentration in 
groundwater is less than l.Oppm (Fletcher, 1986). Generally, these 
elements do not dictate the chemical quality of water, but they do 
influence significantly the peculiarities of composition of water, including 
the ability of water to affect the biological processes in a strong manner. 
The study of trace elements, present in groundwater, is of great 
theoretical and practical importance because majorities of them have been 
found to influence significantly both the man and animal's vital activities 
and also the healthy growth of plants. The deficiency or the excess of 
certain trace elements in water and soil may lead to human diseases known 
as the geochemical endemics (Klimentov, 1983). 
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The source of trace elements in groundwater is the soil-water 
interaction, industrial effluents and sewage disposals. The concentration of 
trace elements is usually found more in shallow aquifer water than the deep 
aquifer water. The excessive use of fertilizers, pesticides, insecticides and 
agricultural waste disposal is the additional source of concentration of 
trace elements in groundwater. 
The trace elements like iron, copper, lead, zinc, cadmium and 
manganese have been determined (Appendix-XVI) to assess their 
distribution in the study area and the concentration of each of them has 
individually been discussed. 
IRON 
AH kinds of waters including groundwater have appreciable 
quantities of iron. It has more suitability as acidic pH, therefore, large 
quantities of iron are leached out from the soils by acidic waters. 
The children upto two years of age are vulnerable to iron toxicity 
from ingestion of iron supplements that have been commercially prepared 
for adults (Fairbanks et al., 1971). The limits of iron in groundwater are 
based upon aesthetic and taste consideration rather than its physiological 
effects. 
The WHO (1984) and USEPA (1984) have recommended the 
maximum permissible limit of iron as 0.30ppm because of its toxic effects 
on public health and staining of bathroom fixtures. The concentration of 
iron in shallow and deep groundwater of the area varies from 0.102 to 
O.lSOppm and 0.170 to 0.092ppm respectively. 
LEAD 
Lead is a toxic element but its concentration in surface and sub-
surface waters increases due to the discharge of industrial wastewater from 
printing and dyeing units and oil refineries. 
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It accumulates in body, mainly in the bones, brain and muscles. The 
lead poisoning is due to the permanent cumulative effects and also due to 
the occasional exposure to small doses. The lead intoxication results most 
commonly from the ingestion of lead containing paints besides, tea, which 
too contains lead. The major toxic effects include hypertension, 
neurological dysfunction, renal impairment and brain damage. The most 
common symptoms are anaemia, severe intestinal cramps, paralysis of 
nerves particularly arms and legs, loss of appetite and fatigue (Train, 
1979). 
The highest desirable concentration of lead for drinking water is 
O.lOppm (WHO, 1984). Its concentration in shallow and deep groundwater 
of the area varies from 0.004 to 0.085ppm and 0.011 to 0.023ppm 
respectively. 
ZINC 
Zinc is present in high concentration in the wastes being released 
from industries like pharmaceuticals, galvanizing, paint pigments 
insecticides, cosmetics etc. and the discharge of which increases its 
concentration in appreciable amounts in groundwater. 
It is very essential micronutrient in human beings and only at very 
high concentration it may cause some toxic effects. The zinc salts produce 
an undesirable taste and cause the water to appear milky which on boiling 
forms a greasy surface scum. 
The daily requirement of zinc for children is 0.30mg per kilogram of 
body weight whereas, for adults the intake requirement is upto l.SOmg per 
kilogram of body weight and its deficiency leads to growth retardation 
among children. 
The ISl (1983) and WHO (1984) have prescribed the maximum 
permissible limit as S.Oppm. The concentration of zinc in shallow and deep 




Copper is recognized as an essential element for plant and animals 
(Drinking Water and Health, 1977 and WHO, 1973). The source of its 
higher concentration in groundwater is pollution. The copper salts are used 
in water supply system for controlling the biological growth, in reservoirs 
and distribution pipes for catalyzing the oxidation of manganese. 
The greatest danger of its toxicity arises when the children consume 
acidic beverages that have been in contact with copper containers (Food 
and Drug Administration, 1975). Although, it passes as such through the 
body but, there are evidences of its accumulation in trace quantities in 
liver. 
The WHO (1984) and ISI (1983) have recommended that the 
concentration of copper upto O.OSppm in drinking water is non-toxic. The 
concentration of copper in shallow and deep groundwater of the area 
varies from 0.007 to 0.063ppm and 0.016 to 0.03 Ippm respectively. 
CADMIUM 
Cadmium is present in higher amounts in wastewater being released 
from electroplating and chemical industries, milling and mining. It is highly 
toxic and its high intake has resulted in severe health problems (WHO, 
1984 and Verma, 1987). It gets accumulated mainly in lever and kidneys 
and causes pathological changes of hepatocytes (Itokawa et al., 1975 and 
Colucci et al., 1975). The higher concentration causes anaemia and bone 
marrow disorders. It also causes testicular tumors, renal dysfunction, 
hypertension, genetic defects, and chronic diseases of old age and cancer. 
Among the Japanese it causes painful bone disease 'itai-itai' (Kobayashi, 
1970) which is a loss of bone marrow creating flexibility in bone tissues. 
The recommended permissible limit of cadmium for drinking water is 
0.01 ppm (ISI, 1983 and WHO, 1984). The concentration of cadmium in 
shallow and deep groundwater of the area varies from 0.002 to 0.025ppm 
and 0.024 to 0.033ppm respectively. 
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MANGANESE 
Manganese resembles iron in its chemical behaviour and its 
occurrence in groundwater but is less abundant than iron (Kemmer, 1977). 
The waste waters from mines and metallurgical operations are the common 
sources of its contamination in groundwater. The inhaled manganese dust 
can be toxic to human beings and its higher dose may lead to liver damage. 
The maximum permissible limit of manganese in drinking water as 
prescribed by WHO, (1984) and ISI (1983) is O.SOppm. The concentration 
of manganese in shallow and deep groundwater of the area varies from 
0.011 to 0.112ppm and 0.012 to 0.046ppm respectively. 
GRAPHICAL PRESENTATION OF CATIONS AND ANIONS 
As a better understanding between the groundwater and the aquifer 
material has come out, the techniques to display the water quality data has 
become more complex and intrusive (Fletcher, 1986). Collins (1923) 
presented the first graphical method in which the concentration of 
individual ions, both cations and anions, were indicated by colour or 
patterns on a bar graph, in which the areal extent of the particular ion 
indicated the milli-equivalents of that ion compared to the others, present 
in the water sample. 
Hem (1970) presented the ionic concentration by circular (pie) 
diagrams on the basis of percentage of total milli-equivalents per litre, in 
which the radius of the circle represents the total ionic concentration and 
the sub-divisions represent the proportion of the individual ions. 
Stiff (1951) devised a simple pattern analysis that can be used to 
trace the similar formation waters over a large area wherein, the scale is 
used as a guide to plot the ionic concentrations for a specific water 
sample. 
Summers (1972) suggests that a complete analysis of every sample 
should be made to verify that the total weight of the cations approximates 
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the total weight of the anions and, in turn, these weights equal the weight 
of the evaporated residue (total dissolved solids) 
Currently, trilinear diagrams are widely used to depict the chemical 
data This method proposed independently by Piper (1944) and earlier by 
Hill (1940), shows the relative concentrations of major cations and anions 
In the trilinear diagram it is found convenient to present a large number of 
water quality data 
For the present purpose, trilinear (Piper) diagram (Fig 34) has been 
used to present the water quality data The cations and anions have been 
plotted on the bottom left and right triangles respectively In the diamond-
shaped parallelogram, above the cation and anion triangles, both cation 
and anion groups have been plotted as percentage of the water sample 
GROUNDWATER FACIES 
The basic purpose of the study of hydrochemical facies is to visually 
describe the differences in major ion chemistry in the groundwater flow 
systems which needs to refer in a convenient manner to water compositions 
by the identifiable groups or categories (Freeze and Cherry, 1979) 
The definition of hydrochemical facies is a paraphase of the 
definition of facies as used by geologist, that the facies are identifiable 
parts of different nature, belonging to any genetically related body or 
system The hydrochemical facies are distinct zones that have cation and 
anion concentrations describable within the defined composition categories 
(Freeze and Cherry, 1979) As water flows through an aquifer, it assumes a 
diagnostic chemical composition as a result of interaction with the 
lithologic framework or geologic environments According to Back (1961), 
the term hydrochemical facies is used to describe the bodies of 
groundwater in an aquifer that differ in their chemical composition The 
facies is a function of lithology, solution kinetics and flow patterns of 
groundwater through an aquifer (Back, 1966) 
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For the purpose of study of groundwater facies, hydrochemical data 
have been utilised and the cation and anion percent have been determined 
(Appendix-XVII & XVIIl) and graphically presented (Fig. 34) which 
illustrates that the majority of the anions falls under bicarbonate type 
whereas, the majority of cations falls under no dominant type composition 
categories. 
However, the rest of the cations falls under sodium or potassium 
type leaving a few in the calcium and magnesium type while few anions fall 
under no dominant type and only two under calcium type composition 
categories. 
It can be inferred from the trilinear diagram that the groundwater 
(shallow and deep) of the area under review is an Alkali-Bicarbonate type. 
WATER QUALITY CRITERIA IN RELATION TO ITS USES 
It is now generally recognized that the quality of groundwater is just 
as important as its quantity. All groundwater contains salts in solution that 
are derived through rock-water interaction during its complex flow history. 
Whether, the groundwater of a given quality is suitable for a particular 
purpose, depends upon the criteria or standards of acceptable quality for 
that use. The water quality criteria for safe drinking water supply, 
industrial and agricultural purposes is applied to groundwater because of 
its extensive development for these purposes and in near future, the water 
quality may form the front-line thrust areas in research and development. 
WATER QUALITY FOR DOMESTIC AND DRINKING USE 
A number of organizations worldwide (USPHS, 1962; ICMR, 1975; 
USEPA, 1983; ISI, 1983; WHO, 1984 and APHA, 1992) have established 
certain guidelines for domestic as well as drinking purposes. Accordingly, 
the concentrations of the ions and elements have individually been 
discussed above and their range of concentration in shallow as well as deep 
groundwater have been tabulated as Table-13. 
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H. NO DOMINANT TYPE 
Figure 34. Trilinear diagram (After Piper, 1944) showing the groundwater 

























































































































































































































































































































































































































































A perusal of the above table shows that almost all the major ions are 
well within their prescribed limits. The concentration of trace elements is 
also within their permissible limits except cadmium, which is slightly 
higher while, the lead in shallow groundwater is approaching the critical 
limit. However, the quality of groundwater is suitable for domestic, 
agricultural and industrial purposes but it is recommended that the water 
supply for drinking and other domestic purposes may be procured through 
tapping the deeper aquifers. 
WATER QUALITY CRITERIA FOR AGRICULTURAL USE 
The water quality criteria, for agricultural purpose, are a complex 
subject and as such, it has not been possible to have an agreed criterion on 
universal basis because the growth of a particular crop depends upon many 
factors other than the chemistry of water. 
The quality requirements for irrigation water vary between the crops 
and drainability of soils and climatic conditions. However, the water 
quality standards for irrigation water are based upon, 
1. the total salt concentration of water as it affects the crop yields 
through osmotic effects, 
2. the concentration of specific ions that may be toxic to plants or 
that have an unfavourable effect on crop quality, and 
3. the concentration of cations that can cause deflocculation of clay 
in the soil and results in damaging the soil stf^icture and a great 
decrease in the soil permeability. 
Various specifications have been proposed from time to time by 
different workers for the evaluation of the suitability of natural waters for 
irrigation of crops. 
To study the suitability of groundwater in the study area for 
agricultural purposes, the electrical conductivity, relative proportion of 
sodium to other cations, residual sodium carbonate and concentration of 
certain specific elements have been taken into consideration. 
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The interpretation of water quality, suitable for agricultural 
purposes, was provided by Richards (Ed.), (1954) of United States Salinity 
Laboratory Staff (USSLS) and proposed a classification of water for 
irrigation (Table-14). They put forward a diagram on the salinity of water 
wherein, the electrical conductivity (EC) is taken as an index of salinity 
hazards and the sodium adsorption ratio (SAR), as alkali hazards. The EC 
has been measured on conductivity meter while the SAR has been 
determined (Appendix-XIII) by using the formula, 
Na" 
SAR = Fi Mg^  
(all concentrations are in equivalent per million) 
Table-14 Quality classification of irrigation water 
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Fig. 35 shows the plot of EC and SAR values wherein, all the water 
samples from deep aquifers fall under C2 Si class whereas, 4%, 28% and 
68% of water samples from shallow aquifers fall under Ci Si, C3 Si and C2 
Si class respectively. A perusal of Fig. 35 and its comparison with Table-
14 shows that the quality of shallow groundwater is fair to excellent while, 
in case of deep groundwater, it is good to excellent. It can be inferred that 
the quality of groundwater of the area is acceptable for agricultural 
purposes. 
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Figure 35. 
SALINITY HAZARD 
Plot of EC versus SAR values (After Richards (Ed.), 1954). 
Eaton (1950) suggested that water having carbonate and bicarbonate 
ions, in excess of calcium and magnesium, will lead to much greater alkali 
formation that is indicated by its SAR and thereby, decreasing the soil 
permeability. The carbonate and bicarbonate hazards on water quality can 
be determined in terms of residual sodium carbonate (RSC) which is 
defined by the following equation. He proposed a classification of water 
for irrigation (Table-15). 
RSC = (CO3 + HCO3 ) - (Ca"' + Mg"') 
(all concentrations are in equivalent per million) 
Table-lS Quality classification of irrigation water 









1.25 - 2.50 
> 2.50 
All values of the residual sodium carbonate of water samples of the 
area have been given in Appendix-XIII. It has been observed that the 
quality of shallow groundwater is, in general, excellent to fair. However, 
the deep groundwater samples show excellent water quality. 
Wilcox (1955) proposed another classification scheme for rating the 
irrigation water on the basis of electrical conductivity, soluble sodium 
percent and boron concentration. The sodium percent has been calculated 
as per the formula given below and the data, so generated, have been 
tabulated as Appendix-XIII and plotted (Fig. 36) and finally, compared 
with the classification of irrigation water (Table-16). 
XT 0/ N a " 
Na% = 
Ca^*+Mg*' + N a ' + K ' 
(All the values in equivalent per million) 
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Figure 36. Plot of Na% versus EC (After Wilcox, 1955). 
Table-16 Quality classification of irrigation water 









2 0 - 4 0 
40 - 6 0 
60 - 80 
> 80 
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> 3000 
A perusal of Fig. 36 reveals that all the water samples of deep 
aquifers fall under excellent to good category whereas, in case of shallow 
aquifers, nearly two-third of the water samples fall under excellent to 
good, one-third under good to permissible and only two samples fall under 
permissible to doubtful categories. The illustration is self explanatory that 
the groundwater of the area is suitable for agricultural needs. 
Besides the major ions, the role of trace elements in plant 
metabolism has attained a great emphasis in recent years and it has been 
found that the trace elements are beneficial for the growth of plants at 
different stages of their development. The following table (Table-17) 
sh ows the tolerance limits of trace elements for irrigation water as 
prescribed by the Federal Water Pollution Control Authority (FWPCA, 
1968) and Ayers and Branson (1975) and the table (Table-18) shows the 
range of trace elements in shallow and deep groundwater. 
A perusal of the these tables reveals that the concentration of trace 
elements are within the tolerance limits as prescribed by FWPCA (1968) 
and Ayers and Branson (1975) except, the concentration of cadmium and 
manganese which has been reported slightly higher. By and large, the 
quality of groundwater from shallow and deep aquifers is acceptable for 
agricultural purposes. 
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Table-17 Trace elements' tolerance limits for irrigation 























































































WATER QUALITY CRITERIA FOR INDUSTRIAL USE 
The quality requirements of water used in different industrial 
processes vary widely. Even within each industry, criteria can not be 
established, instead, only the recommended limiting values or ranges can 
be stated (ASTM, 1966 and Mc Kee and Wolf, 1963). The quality of water 
supply is the constancy of various constituents for industrial purposes 
(Todd, 1980). The water which is to be used in food industry, boilers and 
cooling plants should not be corrosive (Anon., 1940). Salinity, hardness 
and silica are the three parameters that usually are important for industrial 
water (Todd, 1980). 
The quality of groundwater of the study area is found suitable for 
industrial purposes including the pharmaceutical industries. However, 
elimination of temporary as well as permanent hardness is required as the 
concentration of bicarbonate ranges between 142 and 634.4 ppm and the 
permanent hardness ranges between 108 and 392ppm as CaCOa 
respectively. 
SURFACE WATER QUALITY 
The surface water bodies like canals, traversing throughout the area 
where, the Ganga and Kali rivers mark the northern and the southern 
boundaries respectively. The area between these two rivers is drained by 
an abandoned channel of the river Ganga and the area between this old 
channel and the river Kali, is traversed by the Lower Ganga Canal and its 
Anupshahr and Farrukhabad branch respectively. 
In order to ascertain the surface water quality, water samples from 
the rivers Ganga and Kali and from the Lower Ganga Canals were collected 
and their analytical results have been tabulated (Appendix-XIV, XV & 
XIX). The following table (Table-19) shows the range of concentration of 
major ions as well as trace elements in the surface water bodies and their 


















































































































































































































































































































































































































A perusal of the above table shows that all the major ions are within 
their prescribed limits. However, the trace elements like lead, cadmium and 
manganese are slightly higher in concentration than their permissible 
limits. The probable reason is that the Kali and Ganga rivers receive 
domestic and industrial wastes in the area itself as well as in the upstream 
sides. 
In order to study the surface water facies, cation and anoin percent 
have been determined (Appendix-XIII) and graphically presented (Fig. 34) 
which shows that on anion facies of the total seven surface water samples, 
six samples fall under bicarbonate type while the remaining one falls under 
chloride type. On cation facies five samples fall under calcium type and the 
remaining two under no dominant type composition categories. It can be 
inferred that the surface water of the area is of Calcium-Bicarbonate type. 
Fig. 35 illustrates that all the surface water samples fall under CI SI 
class, dictating that the surface water is of excellent category while, Fig. 
36 shows that all the samples fall under excellent to good category. It can 
be inferred that the surface water quality is highly suitable for agricultural 
purpose. 
Finally, a perusal of analytical result and their graphical presentation 
reveal that the quality of surface water of the area under investigation is 





SUMMARY AND CONCLUSION 
The water is an elixir of life and is important only next to air. The 
earth is called a living planet only because of the presence of air and 
water. The groundwater plays an important role in meeting a substantial 
part of domestic, agricultural and industrial needs. The exploitation of 
groundwater, as a source of water supply, dates back to pre-historic 
period. Since then, the use of groundwater continued to grow. The advent 
of modern techniques, from time to time, has enhanced the rate of 
groundwater exploitation. The population explosion, rapid urbanization, 
industrialization and fast agricultural extensions for additional food 
production have generated high profile water demands and consequently, 
accelerated the pace of groundwater development. The large-scale 
groundwater withdrawals have led to a rapid decline in water levels. 
A generalized hydrogeological study of the Ganga basin has already 
been carried out but the detailed studies of its small areas are simply rare. 
The micro-level comprehensive studies will help evolve a uniform 
hydrogeological scenario of regional aquifer systems of an area or a part of 
basin or the entire basin. Accordingly, a detailed hydrogeological 
investigation was carried out in Kasganj sub-division of Etah district The 
area forms a part of the Ganga-Kali sub-basin as it is bounded by the river 
Ganga in the north and by the river Kali in the south. Climatologically, the 
area falls under the sub-tropical climatic zone of India where, the onset of 
monsoon takes place in the mid of June and remains in action till the end 
of September. July and August are the months of maximum rainfall. The 
mean annual rainfall is 754.72mm. The rainfall forms the principal source 
of groundwater recharge. Besides, canal seepage, irrigation return flow 
and seasonal floods, are the other minor components of groundwater 
recharge. The isohyetal map shows that the intensity of rainfall decreases 
from east to west. 
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The area exhibits four distinct physiographic units namely, the low 
valley of the river Ganga, the central upland, the low valley of the river 
Kali and the southern upland. The visual interpretations, through IRS lA 
imageries, has divided the area into three geomorphic units viz., the active 
channel of the river Ganga (To-surface), the Younger Alluvial Plain (Ti-
surface) and the Order Alluvial Plain (T2-surface). Besides, abandoned 
channel, old meanders, point bar deposits and ravines were also 
recognized. The area displays three soil zones namely, sandy to loamy 
sand, stretching from the abandoned to the active channel of the river 
Ganga; sandy loam to loam, covering the area lying between the Kali river 
and the abandoned channel of the river Ganga; and loam to clayey loam, 
occupying the area, lying south of the river Kali. 
The Ganga basin, a trough, generated as an aftermath of the final 
phase of the Himalayan orogeny and was subsequently filled-up by the 
sediments brought by the rivers of the newly risen Himalayas and the 
Peninsula. Tectonically, the Ganga basin consists of alternate ridges and 
depressions. 
The exploratory drilling data, down to the Basement complex, forms 
the physical basis of the sub-surface geology of the area. The Bundelkhand 
Granite of Archean age forms the Basement and is unconformably overlain 
by the Upper Vindhyan rocks of Upper Proterozoic age. These Vindhyans 
are unconformably overlain by 260m thick Neogene sediments which, in 
turn, is further overlain by 360m thick Quaternary alluvium, comprising 
alternate beds of sand and clay. 
The Ganga basin which areally extends from the Delhi-Hardwar 
Ridge in the west to the Monghyr-Saharsa Ridge in the east where, the 
state of Uttar Pradesh occupies around 42% of total area of the Ganga 
basin. The state has been divided into four distinct hydrogeological units 
viz., the Bhabar zone, the Terai zone, the Southern Marginal Plain and the 
Central Ganga Plain. The study area forms a part of the Central Ganga 
Plain. 
104 
The fence diagram and the hydrogeological cross-sections reveal 
that there occurs a single aquifer system down to the depth of 139m.b.g.l. 
except, at places, where the aquifer zones are marked by the intercalations 
of thin to thick lenticular clay beds. These aquifers are very thick, areally 
extensive and have large groundwater potentials and their yields vary from 
94 to 240m'/hour with the drawdowns ranging between 3 and 10 meters. 
The pre and post-monsoon water levels during the year 1995 vary from 
1.90 to 14.07m.b.g.l. and 0.78 to 13.65m.b.g.l. respectively whereas, 
during the year 1996 the water levels vary from 1.61 to 13.74m.b.g.l. and 
0.61 to 13.71m.b.g.l. respectively. The water level fluctuations vary from 
0.11 to 2.60 meters and 0.19 to 2.71 meters during the years 1995 and 
1996 respectively. It was observed that the water levels generally follow 
the surface topography while, the fluctuations show a distinct lithological 
control viz., large fluctuations are observed where the granular zones are 
thick while, small fluctuations are seen where, the aquifers are in rapid 
alternation with the thick clayey horizons. 
The water table of the observation wells with respect to the mean 
sea level varies from 177 to 153m from northwest to southeast 
respectively. The water table contour maps indicate that the regional 
groundwater flow is from northwest to southeast, which is in conformity 
with the general flow of groundwater in the Central Ganga Plain. Besides, 
there are some local variations in the flow of groundwater, which are 
attributed to the local factors like rivers, canals etc. The pattern of the 
water table contours shows that the river Ganga and its abandoned channel 
are effluent in nature throughout their course in the area. The river Kali is 
also effluent in nature throughout its length in the area except, at places, 
where it behaves as influent stream because of heavy withdrawal of 
groundwater through number of shallow tubewells, which are located close 
to the river and because of the development of a mound close to the river 
in the extreme south of the area. The hydraulic gradient varies between 
0.18 and 5.0 meters per kilometer. Further, the similarity between the 
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piezometric surface map and the water table contour maps reveals that, by 
and large, the top aquifers are inter-connected with the immediately 
underlying deeper aquifers, having the same source of recharge. In all, 
there occurs eight mounds all along the feeder canals except, the three, 
two along the river Kali in the south, one close to aqueduct and the other 
in the extreme south of the river whereas, the third one lies between the 
abandoned and active channels of the river Ganga in the north. There are 
only two troughs along the right bank of the river Kali. The development 
of mounds, along the canals and the river Kali, is attributed to the 
excessive seepage from these canals while, the mound developed on the 
right bank of the river Ganga, might have resulted due to extra ordinarily 
thick granular zones, which remain submerged months together during the 
flood season. The development of troughs is a resultant of the heavy 
pumpage of groundwater through ill-spaced shallow farmers' tubewells 
where, the withdrawal exceeds the quantum of the average annual 
recharge. 
The mechanical analysis of aquifer materials, collected from 
different locations, show that the hydraulic conductivity varies between 
9.57 and 99.13m/day. The aquifer properties like hydraulic conductivity, 
transmissivity, specific capacity and specific capacity index were 
determined through the discharge, drawdowns and thickness of the aquifer 
tapped by the deep tubewells and their estimated values range from 11.21 
to 38.23m/day, 456.80 to 1785.60 mVday, 374 to 1463 m /^day and 9.18 to 
31.33 m/day respectively. However, the aquifer properties like 
transmissivity as 3034.78m^/day, storativity as 1.56 x lO' and hydraulic 
conductivity as 168.60m/day were also determined through the pumping 
test data analysis. 
The groundwater balance studies show that the net annual recharge 
in the area is 230.95MCM and the net annual draft is 135.25MCM thus, 
leaving a balance of 95.70MCM as utilizable resource potential for future 
development only through the deep tubewells except, along the Lower 
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Ganga Canal where shallow tubewells will be more appropriate. The stage 
of groundwater development is 58.56% which shows that the area falls 
under 'white' or safe category as per the norms of the National Bank for 
Agriculture and Rural Development (NABARD). 
In order to ascertain the groundwater quality, water samples were 
collected from different hydraulic structures and their physico-chemical 
parameters were determined. The analytical results of major ions show that 
the groundwater of the area is potable, hard, alkaline in reaction and an 
Alkali-Bicarbonate type. As regard the concentration of trace elements, 
cadmium was found slightly higher than its permissible limit in the top 
aquifers whereas, in deep aquifers all the heavy toxic metals were found 
within their permissible limits. The surface water samples, collected from 
surface water bodies, were also analyzed and their analytical results show 
that the surface water of the area is of Calcium-Bicarbonate type. The 
concentrations of heavy toxic metals like cadmium, manganese and lead 
were found slightly higher than their permissible limits. In general, the 
groundwater and surface water are found suitable for domestic, 
agricultural and industrial purposes with the recommendations that for the 
drinking water supply only deeper aquifers may only be tapped. 
During the entire course of study, it has been observed that the area 
reflects a dual situation of water logging all along the feeder canals and a 
declining trend of water table in the central and southern uplands. It is 
suggested that in order to contain the water logging, the feeder canals are 
to be lined through polythene sheets. Further, the declining trend of water 
table can be arrested through recharging the dry village dugwells either 
through pumping the flood discharges or through constructing batteries of 
shallow tubewells in the water logged areas with their discharge into the 
dry dugwells. This process will not only contain the declining trends of 
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STATISTICAL ANALYSIS OF RAINFALL DATA 













































































Mean Rainfall (i) = x^  + cf — j = 750 + 100 f — j = 754.72nini 
Standard Deviation (S.D.) = C ''lU'f'^ 
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LITHOLOGICAL LOGS OF DEEP TUBEWELLS 
DRILLED BY THE STATE TUBEWELL DEPARTMENT 
(All values in meters) 
Location: Kasganj 




Clay and kankar 
Fine to medium sand 
Clay and kankar 
Fine to medium sand 
Clay and kankar 
DEPTH RANGE 
0.00 to 4.50 
4.50 to 44.14 
44.14 to 57.09 
57.09 to 70.09 
70.09 to 73.09 
73.09 to 82.10 










Tubewells No.: 107KG 
LITHOLOGY 
Surface clay 
Fine to medium sand 
DEPTH RANGE 
0.00 to 3.00 




Location: Salempur Pironda 




Clay and kankar 
Fine sand 
Clay and kankar 
DEPTH RANGE 
0.00 to 3.05 
3.05 to 22.29 
22.29 to 26.86 
26.86 to 35.39 








Clay and kankar 
48.49 to 52.76 




Tubewell No.: 104 KKG 
LITHOLOGY DEPTH RANGE THICKNESS 
Surface clay 
Fine to medium sand 
Clay and kankar 
Fine to medium sand 
Clay 
0.00 to 3.00 
3.00 to 37.00 
37.00 to 49.00 
49.00 to 112.00 











Clay and kankar 
Fine sand 
Clay and kankar 
Fine to medium sand 
Clay and kankar 
Fine sand 
Clay and kankar 
Fine sand 
Clay and kankar 
Fine sand 
Clay and kankar 
DEPTH RANGE 
0.00 to 7.49 
7.49 to 21.39 
21.39 to 25.50 
25.50 to 35.28 
35.28 to 47.38 
43.38 to 63.77 
63.77 to 78.58 
78.58 to 87.56 
87.56 to 92.01 
92 9.01 to 100.54 
100.54 to 105.75 
105.75 to 116.26 
















Tubewell No.: 7A 
LITHOLOGY 
Fine sand 
Clay and kankar 
Fine sand 
Clay and kankar 
Fine sand 
Clay and kankar 
Fine sand 
Clay and kankar 
DEPTH RANGE 
0.00 to 21.48 
21.48 to 23.49 
23.49 to 44.49 
44.49 to 50.50 
50.50 to 67.50 
67.50 to 92.48 
92.48 to 110.46 











Tubewell No.: 137 
LITHOLOGY 
Surface clay 
Fine to medium sand 
Clay and kankar 
Medium sand 
Clay and kankar 
Fine to medium sand 
DEPTH RANGE 
0.00 to 3.05 
3.05 to 9.20 
9.20 to 12.25 
12.25 to 21.40 
21.40 to 24.45 













Clay and kankar 
Fine sand 
Sandy clay and kankar 
DEPTH RANGE 
0.00 to 1.22 
1.22 to 19.20 
19.20 to 24.69 
24.69 to 32.61 








Sandy clay and kankar 
Fine to coarse sand 
Clay and kankar 
Location: Beta 





Clay and kankar 
Fine to medium sand 
36.58 to 41.45 
48.16 to 48.16 
76.81 to 76.81 
76.81 to 78.33 
DEPTH RANGE 
0.00 to 19.49 
19.49 to 45.37 
45.37 to 54.21 













Tabewell No.: 18 
LITHOLOGY 
Surface clay 








0.00 to 3.05 
3.05 to 23.78 
23.78 to 30.17 
30.17 to 37.79 
30.79 to 52.70 
52.70 to 55.14 
55.14 to 65.48 











Tubewell No.: 19 
LITHOLOGY 
Surface clay 
Clay and kankar 
Fine sand 
Clay and kankar 
Fine sand 
Clay and kankar 
Fine sand 
Clay and kankar 
Fine to medium sand 
DEPTH RANGE 
00.00 to 02.44 
02.44 to 06.71 
06.71 to 32.66 
32.66 to 36.32 
36.32 to 40.29 
40.29 to 50.04 
50.04 to 53.09 
53.09 to 59.50 












Tubewell No.: 161 
LITHOLOGY 
Fine to medium sand 
Clay 
Fine to medium sand 
Clay 
Fine to medium sand 




0.00 to 12.19 
12.19 to 16.76 
16.76 to 41.14 
41.14 to 47.24 
47.24 to 74.67 
4.67 to 96.92 
96.92 to 103.32 











Tubewell No.: 228 
LITHOLOGY 
Fine to medium sand 
Clay and kankar 
DEPTH RANGE 
0.00 to 13.71 




Fine to medium sand 
Clay and kankar 
Fine to medium sand 
Clay and kankar 
Fine to medium sand 
Clay and kankar 
Medium sand 
Clay and kankar 
22.85 to 31.99 
31.99 to 56.36 
56.36 to 65.50 
65.50 to 74.64 
74.64 to 86.84 
86.84 to 95.99 











Tubewell No.: 162 
LITHOLOGY 
Medium sand 
Clay and kankar 
Fine to medium sand 
Clay and kankar 
Fine to medium sand 
Clay and kankar 
DEPTH RANGE 
0.00 to 13.71 
13.71 to 16.76 
16.76 to38.08 
38.08 to 47.22 
47.22 to 65.50 
65.50 to 105.11 












Clay and kankar 
Medium sand 
Clay and kankar 
Medium sand 
Clay and kankar 
Fine to medium sand 
DEPTH RANGE 
0.00 to 4.57 
4.57 to 13.71 
13.71 to 22.85 
22.85 to 34.12 
34.12 to 42.04 
42.04 to 63.97 
63.97 to 71.59 
71.59 to 80.12 









Clay and kankar 80.12 to 103.89 23.71 
Location: Miansur 
Tubewell No.: 226 
LITHOLOGY 
Fine to medium sand 
Clay 
Medium sand 





0.00 to 36.56 
36.56 to 44.18 
44.18 to 53.32 
53.32 to 57.89 
57.89 to 67.64 
67.64 to 73.73 










Tubewell No.: 92 
LITHOLOGY DEPTH RANGE THICKNESS 
Surface clay 
Fine to medium sand 
0.00 to 3.00 




Tubewell No.: 91 
LITHOLOGY 
Surface clay 
Fine to medium sand 
Clay and kankar 
Medium sand 
Clay and kankar 
Fine to medium sand 
DEPTH RANGE 
0.00 to 3.00 
3.00 to 36.00 
36.00 to 50.00 
50.00 to 76.00 
76.00 to 82.00 













Clay and kankar 
Fine sand 
Clay and kankar 
Fine to medium sand 
Clay and kankar 





0.00 to 3.05 
3.05 to 12.19 
12.19 to 18.28 
18.28to 21.33 
21.33 to 27.42 
27.42 to 45.96 
45.96 to 58.15 
58.15 to 77.65 
77.65 t 81.92 
81.92 to 89.23 





















Fine to medium sand 
Clay 
Medium sand 
Clay and kankar 
DEPTH RANGE 
0.00 to 6.10 
6.10 to 9.15 
9.15 to 15.24 
15.24 to 21.33 
21.33 to 27.42 
27.42 to 36.56 
36.56 to 48.75 
48.75 to 74.03 












Tubewell No.: 149 
LITHOLOGY 
Medium to coarse sand 
Clay and kankar 
Fine to medium sand 
Clay and kankar 
Fine to medium sand 
Clay and kankar 
DEPTH RANGE 
0.00 to 13.71 
13.71 to 24.07 
24.07 to 37.17 
37.17 to 44.18 
44.18 to 66.42 
66.42 to 74.65 












Clay and kankar 
Fine sand 
Clay and kankar 









0,00 to 4.57 
4.57 to 13.71 
13.71 to 22.86 
22.86 to 28.95 
28.95 to 56.37 
56.37 to 67.65 
67.65 to 74.09 
74.09 to 80.79 
80.79 to 8871 
88.71 to 105.50 
105 51 to 110.99 
110.99 to 117.39 
117.39. to 126.53 















Tubewell No.: 154 
LITHOLOGY 
Coarse to fine sand 
Fine to medium sand 
Clay and kankar 
Fine sand 
Clay 
Fine to medium sand 
Clay and kankar 
DEPTH RANGE 
0.00 to 16.76 
16.76 to 35.35 
35.35 to 40.22 
40.22 to 42.05 
42.05 to 43.57 
43.57 to 66.12 














Clay and kankar 
Fine sand 
Clay and kankar 
Fine to medium sand 




0.00 to 3.05 
3.05 to 6.10 
6.10 to 9.15 
9.15 to 24.38 
24.38 to 36.56 
36.56 to 61.57 
61.57 to 66.44 
66.44 to 73.14 












Tubewell No.: 23 
LITHOLOGY DEPTH RANGE THICKNESS 
Surface clay 
Fine sand 
Clay and kankar 
0.00 to 3.05 
3.05 to 9.15 





Clay and kankar 
Fine to medium sand 
Clay 
Fine to medium sand 
Location: Ghinauna 
Tubewell No.: 108 KG 
LITHOLOGY 
Surface clay 
Fine to medium sand 
Clay and kankar 
Medium sand 
Clay and kankar 
13.72 to 21.34 
21.34 to 27.43 
27.43 to 56.37 
56.37 to 60.94 
60.94 to 113.91 
DEPTH RANGE 
0.00 to 3.00 
3.00 to 72.00 
72.00 to 94.00 
94.00 to 124.00 

















Clay and kankar 
Fine sand 
Clay 
Fine to medium sand 
Clay and kankar 
Fine to medium sand 
Clay and kankar 
Medium sand 
DEPTH RANGE 
0.00 to 3.05 
3.05 to 9.15 
9.15 to 15.20 
15.20 to 18.30 
18.30 to 24.40 
24.40 to 33.55 
33.55 to 48.80 
48.80 to 57.95 
57.95 to 79.80 
























0.00 to 18.00 
18.00 to 29.00 
29.00 to 53.00 
53.00 to 69.00 
69.00 to 82.00 
82.00 to 95.00 
95.00 to 112.00 











Tubewell No.: 39 
LITHOLOGY 
Surface clay 
Fine to medium sand 
Clay and kankar 
Fine sand 
Clay and kankar 
Fine to medium sand 
Clay and kankar 
Coarse sand 
Clay and kankar 
Fine to medium sand 
Clay and kankar 
DEPTH RANGE 
0.00 to 3.05 
3.05 to 18.29 
18.29 to 27.44 
27.44 to 30.49 
30.49 to 42.07 
42.07 to 60.35 
60.35 to 63.70 
63.70 to 72.54 
72.54 to 77.72 
77.72 to 94.48 














Tubewell No.: 36 
LITHOLOGY 
Surface clay 
Fine to medium sand 
Clay 
Fine to medium sand 
Clay 
Fine to medium sand 
Clay and kankar 
Medium sand 
DEPTH RANGE 
0.00 to 3.05 
3.05 to 24.40 
24.40 to 33.55 
33.55 to 39.65 
39.65 to 45.75 
45.75 to 59.00 
59.00 to 75.85 






















Fine to medium sand 
DEPTH RANGE 
0.00 to 3.66 
3.66 to 10.06 
10.06 to 16.76 
16.76 to 22.25 
22.25 to 35.66 
35.66 to 37.18 
37.18 to 49.37 
49.37 to 60.64 
60.64 to 69.78 













Tubewell No.: 146 
LITHOLOGY 
Surface clay 
Fine to medium sand 
Clay and kankar 
Medium sand 
Clay and kankar 
Fine to medium sand 
Clay 
Medium sand 






0.00 to 4.57 
4.57 to 13.71 
13.71 to 24.38 
24.38 to 35.05 
35.05 to 58.21 
58.21 to 68.57 
68.57 to 76.49 
76.49 to 82.28 
82.28 to 85.63 
85.63 to 106.76 
106.76 to 112.25 
112.25 to 118.34 
















Tubewell No.: 27 
L I T H O L O G Y 
Surface clay 
Fine to medium sand 
Clay 
Fine sand 
Clay and kankar 
Fine sand 
Clay and kankar 
Fine to medium sand 
Clay 
Fine to medium sand 
DEPTH RANGE 
0.00 to 0.61 
0.61 to 13.98 
13.98 to 17.48 
17.48 to 28.78 
28.78 to 31.98 
31.98 to 35.79 
35.79 to 39.78 
39.78 to 54.98 
54.98 to 56.96 
56.96 to 64.66 












Fine to medium sand 
Clay and kankar 
64.66 to 71.95 
71.95 to 79.98 









Clay and kankar 
Fine to medium sand 
Clay and kankar 
Fine to medium sand 
Clay and kankar 
DEPTH RANGE 
0.00 to 0.91 
0.91 to 5.48 
5.48 to 9.14 
9.14 to 34.13 
34.13 to 48.75 
48.75 to 55.15 










Tubewell No.: 93 
LITHOLOGY 
Surface clay 
Fine to medium sand 
Location: Wazirpur 





Fine to medium sand 
Clay and kankar 
DEPTH RANGE 
0.00 to 3.00 
3.00 to 91.00 
DEPTH RANGE 
0.00 to 3.10 
3.10 to 25.07 
25.07 to 44.90 
44.90 to 84.05 











Tubewell No.: 90 KG 
LITHOLOGY 
Top soil 
Fine to medium sand 
Clay and kankar 
Fine to medium sand 
Clay 
DEPTH RANGE 
0.00 to 2.00 
2.00 to 17.00 
17.00 to 31.00 
31.00 to 87.00 








PIEZOMETRIC SURFACE OF DEEP TUBEWELLS 
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RESULTS OF MECHANICAL ANALYSIS OF AQUIFER MATERIAL 
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RESULTS OF TRACE ELEMENTS' ANALYSES OF WATER 
SAMPLES COLLECTED FROM DUGWELLS 
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